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Chapter  I 


INTRODUCTION 


Statement  of  the  Problem 

The  main  objective  of  the  present  United  States  Air 
Force  Medical  Materiel  Management  System  (MMMS)  is  to  provide 
optimal  logistical  support  to  Air  Force  medical  facilities  as 
prescribed  by  Air  Force  Manual  67-1,  Volume  V.  The  inventory 
control  procedures  outlined  in  this  manual  require  a  minimum 
of  95  percent  fill-rate  on  customer  demands,  while  maintaining 
an  economical  level  of  inventory  (21:p.l-l).  The  United  States 
Air  Force  (USAF)  Surgeon  General's  Office  believes  customer 
requirements  are  being  satisfied;  however,  key  staff  personnel 
have  stated  that  the  same  level  of  customer  service  could  be 
achieved  with  a  lower  inventory  investment  (7).  Although  AF 
Manual  67-1  establishes  a  firm  guide  for  what  is  considered 
economical,  the  Surgeon  General's  Office  and  the  Air  Force  Data 
Systems  Design  Center  suggest  that  fluctuations  in  demand, 
possibly  caused  by  seasonal  variation,  could  be  a  significant 
contributing  factor  to  the  high  cost  of  inventories.  The 
problem  for  research  is  to  identify  these  seasonal  variations 
and  their  effect  on  the  medical  inventory  system. 

Justification 

The  Department  of  Defense  has  recognized  that  within 
the  logistics  support  system  certain  commodities  possess 
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pecularities  or  characteristics  that  make  them  sufficiently 
distinctive  to  warrant  separate  management  (20:11).  The  unique 
nature  of  medical  supplies  warrant  this  separate  management. 

The  critical  features  of  rapid  responsiveness,  shelf  life 
limitations,  and  climate  control  are  characteristics  of 
medical  inventories.  Many  drug  items  require  close  monitor* 
ing  to  insure  that  their  shelf  life  and  temperature  ranges 
are  not  exceeded.  "In  the  medical  sector,  there  are  few 
inventories  maintained  that  are  not  subject  to  expiration 
dates  and  perishable  controls  [13:735]."  For  these  reasons, 
medical  supplies  have  been  segregated  from  nonmedical  supplies 
and  are  managed  under  a  separate  inventory  control  system,  the 
MMMS  (21 :p. 1-1) . 

The  importance  of  medical  inventories  requires  that 
strict  considerations  be  made  by  the  Air  Force  in  handling  and 
managing  such  inventories.  Basically,  the  management  goals  are 
to  maintain  as  low  an  inventory  as  possible  while  still  pro* 
viding  the  customers  a  95  percent  fill  on  all  line  items 
demanded.  To  achieve  such  a  level  of  service  requires  a 
substantial  investment  in  inventory  stocks.  In  fiscal  year 
1978,  the  Medical  Materiel  Management  System  consisted  of  101 
Air  Force  medical  supply  accounts.  These  accounts  required 
the  management  of  over  15,000  individual  line  items,  with  a 
total  net  sales  of  over  $93  million,  and  an  average  inventory 
investment  of  over  $10.5  million.  The  inventory  turnover  rate 
during  this  period  was  8.8  (24).  The  large  dollar  values 
involved  in  this  system  suggest  substantial  potential  savings 
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could  be  realized  with  even  a  small  improvement  to  the  inven¬ 
tory  system. 


Background 

The  medical  materiel  inventory  system  involves  many 
decision  parameters.  These  parameters  include  such  factors 
as  safety  levels,  pipeline  times,  economic  order  quantities, 
daily  demand  rates,  stock  control  levels,  and  seasonal 
influences.  Previous  studies  in  the  area  of  medical  materiel 
management  have  specifically  addressed  some  of  these  factors. 
Peacock  and  Seale  attempted  to  apply  a  variable  safety  level 
to  the  system  in  order  to  improve  the  service  level  (14:6). 
Ferguson  addressed  the  Daily  Demand  Rate  (DDR)  computation 
and  provided  a  formula  for  determining  a  new  DDR  factor  which 
could  ultimately  affect  the  stock  control  level,  the  reorder 
point,  and  the  safety  level  (8:22).  In  a  related  study, 

Bloss,  Moccia,  and  Rowland  designed  a  computerized  inventory 
control  system  for  the  pharmacy  at  the  Medical  Center,  Wright- 
Patterson  AFB,  Ohio  (3:1).  In  all  three  studies,  specific 
recommendations  were  made  for  continued  research  regarding 
seasonal  effects  on  the  medical  supply  inventory  system. 

Peacock  and  Seale  stated,  "A  model  could  be  developed  to  evalu¬ 
ate  the  trends  and  seasonal  factors  upon  the  USAF  Medical 
Materiel  Management  System  [14:63]."  Ferguson  indicated  that 
any  development  of  a  new  inventory  control  system  should  in¬ 
clude  a  seasonal  factor.  "If  properly  designed,  the  seasonal 
factor  should  be  sensitive  to  a  seasonal  demand  pattern  and 


insensitive  to  other  demand  patterns  (8:18]."  Bloss,  Moccia, 
and  Rowland  also  indicated  in  their  research  that  demand  data 
revealed  drug  items  that  appeared  to  have  seasonal  fluctua* 
tion  patterns  (3:34).  They  suggested  future  study  in  this 
area  for  system  improvement.  Recent  interviews  with  Captain 
Larry  B.  Van  Cleave,  Staff  Officer,  Air  Force  Medical  Materiel 
Field  Office  (23),  Mr.  Larry  Prior,  Systems  Analyst,  Air  Force 
Data  Systems  Design  Center  (15),  and  Major  Graden  Casto,  Chief, 
Materiel  Management  and  Procedures,  Headquarters  United  States 
Air  Force  Surgeon  General’s  Office  (7)  strongly  confirmed  the 
need  for  continued  research  into  the  seasonal  effects  on 
medical  inventories. 

Objectives 

Based  on  the  research  efforts  previously  mentioned  and 
the  guidance  of  those  currently  working  in  the  Medical  Inven- 
tory  Management  System,  the  specific  objectives  of  this  research 
were : 

1.  To  establish  criteria  for  identifying  seasonality 
in  medical  materiel  inventories. 

2.  To  determine  the  extent  of  seasonality. 

3.  To  develop  changes  to  the  current  computer  system 
to  allow  for  adjustments  for  seasonality. 

Research  Questions 

The  major  emphasis  for  this  research  was  directed 
toward  answering  the  following  questions: 

1.  To  what  extent  are  seasonal  variations  present  in 
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the  medical  inventory  system? 

2.  Can  seasonal  variations  be  accounted  for  by 
modifications  of  the  present  computer  system? 


Chapter  II 


DEVELOPMENT  OF  CURRENT  SYSTEM 

Inventory  Theory  and  Models 

According  to  Turban  and  Meredith,  the  major  reasons 
for  maintaining  an  inventory  include:  protection  against 
irregular  demands  and  irregular  supply,  protection  against 
inflation,  and  to  allow  firms  to  take  advantage  of  large 
quantity  discounts  on  orders  (18:365-366).  The  two  key 
problems  that  usually  face  any  firm  when  attempting  to 
establish  an  appropriate  level  of  inventory  are  when  to 
order,  and  how  much  to  order  (11:475).  The  amount  of  inven¬ 
tory  on  hand  depends  on  the  amount  of  consumption  and  the 
length  of  lead  time  needed  to  acquire  replenishment  of  stocks. 
In  a  deterministic  model,  where  it  is  assumed  that  demand  is 
known  and  lead  time  is  known,  it  becomes  very  easy  to  determine 
when  an  order  should  be  placed  and  how  much  should  be  ordered. 
An  order  is  placed  when  the  balance  will  just  be  adequate  to 
fill  demands  during  the  lead  time.  The  order  will  then  arrive 
at  exactly  the  time  that  the  inventory  balance  reaches  zero. 

The  quantity  to  be  ordered  will  be  the  quantity  needed  to  bring 
the  stock  up  to  the  predetermined  level.  An  illustration  of 
the  deterministic  model  is  represented  in  Figure  1  (18:225). 

In  reality,  however,  managers  are  not  fortunate  enough 
to  be  able  to  determine  with  complete  certainty  what  the  demand 
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and  lead  time  will  be.  Therefore,  managers  have  developed 
safety  levels  designed  to  absorb  variations  in  normal  demands 
and  normal  lead  times.  The  amount  of  the  safety  level  limits 
to  a  large  extent  the  number  of  times  that  a  stock-out*  con¬ 
dition  will  occur.  "No  institution  can  afford  to  carry 
inventories  for  all  items  so  large  that  it  can  protect  itself 
against  every  situation  (2:591."  Therefore,  management  must 
decide  what  amount  of  stock-outs  is  acceptable  and  set  the 
safety  level  at  a  point  where  they  can  achieve  this  goal.  This 
method  is  based  on  the  probability  that  demands  and  lead  time 
will  fluctuate  within  certain  limits,  which  makes  this  a  stoch¬ 
astic  model.  An  illustration  of  a  stochastic  model  is  depicted 
in  Figure  2  (19:225).  In  this  model,  whenever  the  consumption 
drops  on-hand  inventory  to  zero,  a  stock-out  condition  exists. 
Figure  2  illustrates  that  the  reorder  point  should  occur  at 
the  time  that  consumption  will  cause  the  balance  to  fall  just 
to  the  safety  level  during  the  anticipated  lead  time.  The 
safety  stock  should  be  used  only  when  demand  or  lead  time  ex¬ 
ceeds  the  normal.  The  amount  to  order  will  always  be  the 
amount  needed  to  bring  the  balance  up  to  the  predetermined 
level.  The  problems  for  the  manager  are  to  determine  the  level 
and  at  what  percentage  of  that  level  the  reorder  point  should 
be  established.  The  MMMS  approach  to  solving  these  problems 
has  been  to  use  the  A-B-C  method  of  inventory  control. 


Stock-out--A  condition  when  demand  cannot  be  filled 
from  existing  stocks. 
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Under  the  A-B-C  method,  stock  items  are  given  emphasis 
based  on  the  total  holding  and  ordering  costs  of  the  item. 

Total  holding  costs  are  a  function  of  the  unit  price  plus 
storage  costs,  whereas  the  total  ordering  costs  include  all 
administrative  expenses  associated  with  placing  an  order.  Items 
that  have  a  high  unit  cost  or  a  high  value  of  annual  consumption 
are  classified  as  type  A  items  and  are  given  more  attention  in 
the  inventory  management  system  than  are  type  B  and  C  items, 
which  have  lower  cost  or  consumption  values.  Under  the  A-B-C 
method  of  control,  orders  are  placed  more  frequently  and  in 
smaller  quantities  for  high  dollar  value  consumption  items. 

For  example,  a  type  A  item  might  be  ordered  once  a  month  with 
a  one-month  supply  plus  lead  time  being  ordered,  whereas  a 
type  B  item  might  be  ordered  once  every  six  months  with  a  six- 
month-plus  lead  time  quantity  being  ordered,  and  a  type  C  item 
might  be  ordered  once  every  year.  This  is  because  the  cost  of 
holding  the  type  B  or  C  item  is  less  than  the  cost  of  holding 
the  type  A  item,  and  the  relative  cost  of  ordering  the  type  B 
or  C  item  is  high  in  comparison  to  the  relative  cost  of  order¬ 
ing  a  type  A  item.  The  reorder  percentage  then  becomes  a 
factor  of  the  value  of  annual  consumption  which,  in  turn,  is  a 
factor  of  the  unit  cost.  The  reorder  percentage  is  higher  for 
items  with  a  high  annual  consumption  dollar  value  and  low  for 
items  with  low  annual  consumption  dollar  value  (9:65-67). 

The  Medical  Inventory  System 

The  MMMS  operates  similar  to  the  stochastic  inventory 
model.  The  system  takes  into  account  the  possibility  of  random 


variations  in  demands  and  delays  in  receipt  of  orders.  In 
order  for  the  system  to  operate,  certain  variables  must  be  com* 
puted  during  each  processing  cycle.  The  Economic  Order  Quantity 
(EOQ) ,  the  Safety  Stock  Level  (SSL),  the  Pipeline  Time  (PLT) , 
the  Daily  Demand  Rate  (DDR) ,  the  Stock  Control  Level  (SCL)  ,  the 
Reorder  Percentage  (ROP) ,  and  the  Reorder  Point  (RP)  are  the 
variables  used  to  determine  the  optimal  inventory  balance  within 
each  processing  cycle  ( 22 : p . 8 - 1  to  8-4).  These  variables  are 
computed  on  an  individual  basis  and  are  used  to  forecast  one 
month  in  advance  the  expected  demand  for  each  line  item  and 
the  appropriate  levels  associated  with  that  demand.  The  operat¬ 
ing  period  for  computations  is  one  month  and  the  forecast  uses 
as  its  basis  the  following  parameters. 


Moving  Average  Method.  The  moving  average  provides  a  means  for 
determining  the  expected  demand  the  following  month  and  is  ex¬ 
pressed  by  the  following  formula: 


EDfl  "  5  iJ1  Di 


where : 


m 


ED 


t*l 

D. 


months  of  history  consumption,  not  to  exceed  12  months 

expected  demands  for  next  period 

actual  demand  for  the  ith  period  (21:p.8-4) 


Requirement  Code.  In  the  present  system,  the  normal  number  of 
days  between  ordering  of  replenishment  stock  is  determined  by 
the  annual  dollar  value  of  issues  (22:p.8-3).  The  annual  value 
of  consumption  is  used  to  determine  the  Requirement  Code  for 


each  item  in  inventory.  The  Requirement  Code  then  specifies 
the  value  of  certain  variables  used  to  compute  other  parameters. 
The  primary  purpose  of  the  Requirement  Code  is  to  incorporate 
the  A-B-C  inventory  method  into  the  system.  The  Requirement 
Codes,  as  specified  in  AFM  167-240,  are  shown  in  Table  I. 


TABLE  I 

Requirement  Codes 


Annual  Consumption 

Requirement  Code 

Less  than  $8.00 

1 

$8.00  to  $47.99 

2 

$48.00  to  $287.99 

3 

$288.00  to  $1727.99 

4 

Non-medical  items 

5* 

$1728.00  and  over 

6 

•Not  subject  to  dollar  value  parameters 

Economic  Order  Quantity.  The  EOQ,  as  described  by  AFM  67-1, 
Volume  V,  was  developed  to  consider  a  combination  of  cost 
factors.  It  indicates  the  optimum  order  quantity  that  will 
minimize  the  cost  of  ordering  and  the  cost  of  holding  an  inven¬ 
tory.  The  EOQ  affects  the  number  of  requisitions  initiated 
during  the  year  (21:p.8-3).  A  value  known  as  the  EOQ  factor 
(EOQF)  is  generated  based  on  annual  consumption  costs.  This 
factor  can  range  from  30  to  365  days  and  is  used  in  determining 
the  reorder  percentage  necessary  to  calculate  the  quantity  to 


be  ordered  each  cycle. 


Pipeline  Time.  The  moving  average  method  is  used  to  determine 
the  mean  pipeline  time  of  receipts.  The  number  of  pipeline 
times  utilized  in  the  computation  is  determined  by  the  require¬ 
ment  code  of  the  specific  item.  The  number  of  pipeline  values 
used  according  to  each  requirement  code  is  shown  in  Table  II 

(22:p.8-2) . 


TABLE  II 

Pipeline  Time  Factors 


Requirement  Code 

Pipeline  Time  Factors 

1 

2 

2 

3 

3 

4 

4 

6 

6 

6 

The  formula  for  computation  of  pipeline  time  is: 

.  PLF 

PLT  *  TTF  1  pi 

Ktr  iml  1 

where : 

PLT  •  Pipeline  Time 

PLF  •  Pipeline  Time  Factor  as  specified  by  the 
Requirement  Code 

Pi  •  Most  recent  historical  pipeline  times 

Daily  Demand  Rate.  The  DDR  is  computed  using  the  sum  of  the 
issues  in  the  available  consumption  history  divided  by  the 
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number  of  days  in  the  consumption  history  up  to  365  days.  The 
formula  for  computation  is: 


DDR  -  i  l  ISS, 
D  i-1  1 


where: 

DDR  -  Daily  Demand  Rate 
ISSi  ■  Daily  Issues 

D  -  number  of  days  in  consumption  history,  limited 
to  a  maximum  of  36S  days 


It  should  be  noted  that  once  the  item's  consumption  history  has 
reached  12  months,  the  number  of  days  in  the  consumption  period 
is  set  at  365  days  (22:p.8-2). 


Safety  Stock  Level.  In  this  system,  the  safety  level  is  simply 
fixed  at  one  month  of  stock  based  on  the  previous  12-month 
average.  The  safety  stock  level  is  figured  as  follows: 


where : 

m  ■  months  of  history  consumption,  not  to  exceed  12 
months 


D^  •  actual  demands  for  the  ith  month 

Based  on  the  annual  dollar  value  of  consumption,  a  Safety  Level 
Factor  (SLF)  is  provided  in  the  computation  of  the  Stock  Control 
Level  described  below.  This  SLF  is  the  number  of  days'  supply 
to  be  ordered  depending  on  the  requirement  code  and  the  number 
of  months  of  history  consumption  available.  If  the  consumption 
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is  less  than  6  months,  the  SLF  is  equal  to  IS  days,  and  if  the 
consumption  history  is  for  more  than  6  months,  the  SLF  is  equal 
to  30  days  (21 :p. 8- 5) . 


Stock  Control  Level.  After  each  of  the  above  described  vari¬ 
ables  has  been  determined,  the  SCL  is  then  computed  according 
to  the  following  formula  (21:p.8-4): 

SCL  -  (SLF  x  DDR)  ♦  (EOQF  x  DDR)  ♦  (PLT  x  DDR) 


Reorder  Percentage  and  Reorder  Point.  The  Pipeline  Time, 
Safety  Level  Factor,  and  FOQ  Factor  are  used  in  the  formula  to 
compute  the  desired  reorder  percentage,  which  is  subsequently 
used  to  determine  the  numerical  reorder  point.  The  ratio  of 
factors  for  determining  the  ROP  is: 


ROP  - 


PLT  ♦  SLF 

PLT  ♦  SLF  ♦  EOQF 


This  value  (ROP)  is  then  applied  against  the  SCL  to  determine 
the  reorder  point  (RP)  : 


RP  -  ROP  x  SCL 


Seasonality 

Most  inventory  systems  allow  for  certain  fluctuations 
in  lead  time  and  demand  by  incorporating  a  safety  level.  This 
works  adequately  for  those  items  whose  lead  time  and  demand 
fluctuate  according  to  random  variations  to  a  normal  distri¬ 
bution.  The  safety  level  is  designed  to  accommodate  a  certain 
standard  deviation  from  this  norm.  There  are,  however,  many 
items  whose  demand  fluctuations  follow  other  than  a  normal 


distribution  over  a  12-month  period  (6:31-35) .  Some  items  are 
demanded  only  during  certain  months  of  the  year  and  possibly 
only  one  or  two  months  of  the  year.  If  this  demand  follows  a 
pattern  from  year  to  year,  the  items  should  be  considered  to 
be  seasonal  and  should  be  treated  in  a  special  manner.  Retail 
businesses  generally  handle  seasonal  items  on  an  exception  basis 
For  example,  a  sporting  goods  store  increases  the  level  of  ammu¬ 
nition  on  hand  just  prior  to  hunting  season  and  allows  the  level 
to  drop  much  lower  during  nonhunting  seasons.  Commercial  depart 
ment  stores  typically  build  up  inventories  just  before  Christmas 
in  anticipation  of  increased  sales  during  that  season.  These 
stores  usually  liquidate  their  seasonal  assets  at  the  end  of  the 
season  by  having  clearance  sales.  By  eliminating  the  inventory 
of  off-season  items,  firms  can  then  afford  to  invest  in  other 
areas  of  interest.  It  appears  that  most  of  these  seasonal  ad¬ 
justments  are  done  heur istically.  If  an  inventory  is  managed 
by  a  computer,  the  manager  must  override  the  recommendations  of 
the  computer  and  establish  levels  based  on  the  past  year's 
history.  AFM  67-1,  Volume  V,  even  specifies  that  "variations 
in  stock  control  levels  and  EOQs  may  be  necessary  for  certain 
items  under  certain  conditions,"  such  as  "seasonal  items  with 
negligible  off-season  consumption  [21:p.8-4]."  With  the  number 
of  line  items  being  managed  in  the  medical  inventory,  it  becomes 
impossible  to  manually  control  all  items  that  exhibit  seasonal 
trends.  This  is  exemplified  in  the  case  of  Insect  Sting  Kits 
in  the  inventory  at  the  USAF  Medical  Center,  Wright-Patterson 
AFB,  Ohio.  These  particular  kits  show  a  history  consumption  of 
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24  in  April,  24  in  June,  36  in  July,  12  in  August,  and  zero  in 
the  following  eight  months.  The  computer  calculated  the  SCL 
to  be  24;  therefore,  24  kits  remained  on  the  shelf  for  eight 
months  with  no  consumption.  Another  example  relates  to  the 
demand  for  calamine  lotion.  With  a  stock  control  level  of  113 
bottles,  the  consumption  history  revealed  that  issues  were  made 
for  only  five  months  out  of  the  year.  Therefore,  113  bottles 
of  lotion  remained  idle  on  the  shelf  for  seven  months  (19). 

The  Medical  Materiel  Management  System  presently  has 
no  effective  method  of  automatically  adjusting  levels  for 
seasonal  items.  In  this  Air  Force  medical  inventory  system, 
funds  are  invested  in  inventories  for  all  seasons  at  all  times 
of  the  year.  The  same  balance  of  stocks  is  carried  in  the  inven¬ 
tory  when  known  seasonal  trends  exist.  There  is  little  logic 
for  maintaining  a  fixed  safety  stock  on  items  in  the  inventory 
when  seasonal  trends  exist.  There  is  a 

.  .  .  tremendous  opportunity  for  reducing  investments  and 
improving  service  in  field  stocks  by  basing  safety  stocks 
on  a  measurement  of  the  errors  actually  experienced,  in 
contrast  to  the  naive  methods  of  setting  safety  stocks  as 
so  many  weeks  of  supply  [S:44-4S]. 

All  stock  levels  are  based  on  the  probability  that  demands  will 

not  exceed  availability  based  on  historical  records.  For  example, 

if  a  stock  level  of  five  items  exists  for  a  certain  item  in 

season  and  demands  for  six  items  occur,  it  is  logical  to  conclude 

that  this  is  a  condition  similar  to  having  a  level  of  zero  in  an 

off-season  and  experiencing  a  demand  of  one.  In  either  case, 

arrangements  must  be  made  to  procure  the  necessary  item.  Since 

all  stock  levels  are  based  on  a  projection  of  the  past,  it  is 
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reasonable  to  follow  trends  from  previous  years  and  adjust  the 
levels  accordingly,  even  if  that  requires  maintaining  a  level 
of  zero.  The  flexibility  exists  in  the  MMMS  to  maintain  levels 
of  zero  by  giving  the  materiel  manager  the  authority  to  over¬ 
ride  the  computer  at  his  discretion  (21:p.8-4).  Therefore,  it 
seems  appropriate  that  some  method  be  incorporated  into  the 
computer  program  to  allow  automatic  adjustments  to  be  made  for 
seasonal  items. 


Chapter  III 


RESEARCH  METHODS 

Introduction 

The  data  generated  by  the  current  MMMS  inventory  model 
are  vital  to  this  research  effort.  Therefore,  the  purpose  of 
this  chapter  will  be  to  identify  the  origin  of  the  data,  the 
specific  data  selected  for  analysis,  and  the  data  validity. 

This  chapter  will  also  be  devoted  to  defining  the  criteria  used 
in  screening  the  data  for  seasonality  and  explaining  some  spe¬ 
cific  forecasting  techniques  that  were  applied  to  those 
seasonal  items  identified.  The  assumptions  and  limitations 
necessary  for  this  study  are  included  at  the  end  of  the  chapter. 

Population  and  Sample  Description 

The  population  of  interest  for  this  research  consists 
of  the  various  medical  supply  accounts  Air  Force-wide.  Each  of 
these  accounts  maintains  computer  products  necessary  for  inven¬ 
tory  control.  The  control  system  is  updated  daily  using  the 
base  level  Burroughs  B-3S00  computer.  Each  inventory  account 
item  has  pertinent  data  stored  in  a  master  record  on  a  computer 
tape.  The  information  on  the  master  record  is  maintained 
between  processing  cycles  and  can  be  accessed  as  needed  by 
requesting  a  Stock  Status  Report.  The  report  is  a  computer 
printout  that  arranges  the  data  on  the  master  record  in  a 


logical  form  for  management  analysis.  The  key  data  on  this 
report  include  the  stock  number,  item  identification,  procure¬ 
ment  source,  historical  issues  for  the  past  twelve  months 
(demand  data),  reorder  percentage  and  quantity,  expendability 
code,  requirement  code,  and  the  most  current  order  lead  times. 
The  material  manager  for  each  account  must  review  this  data 
and  insure  it  is  properly  updated  and  maintained. 

The  master  record  contains  one  year  of  past  consumption 
history  for  each  inventory  item.  This  data  is  updated  monthly 
by  replacing  the  oldest  month  of  data  with  the  new.  Because 
of  this  continuous  updating  process,  vital  historical  data  are 
removed  from  the  computer  from  cycle  to  cycle.  However,  the 
historical  events  are  preserved  on  monthly  computer  printouts, 
and  these  are  maintained  for  one  year  by  each  account  manager 
before  being  destroyed.  The  lack  of  year-to-year  historical 
data  in  the  medical  inventory  system  has  made  it  difficult  to 
identify  long-range  trends  in  stock  usage.  The  lack  of  this 
yearly  historical  data  is  also  the  primary  reason  why  there  have 
not  been  any  known  studies  on  seasonality  in  the  MMMS  structure. 
Captain  Richard  W.  Ferguson  indicates  in  his  research  that 
seasonal  trends  appeared  to  be  present,  but  he  could  not  con¬ 
firm  his  hypothesis  with  only  one  year  of  data  (8:18). 

Based  partially  on  Captain  Ferguson's  research  recom¬ 
mendations  and  because  of  the  growing  interest  in  the  high  cost 
of  managing  the  MMMS,  the  Air  Force  Data  System  Design  Center 
(AFDSDC)  requested  computer  tapes  of  the  inventory  master 
records  from  four  Air  Force  Base  Hospitals  over  two  separate 


years.  The  bases  selected  were  Scott,  Offutt,  Blytheville  and 
Whiteman.  The  time  periods  covered  on  the  tapes  were  calendar 
years  197S  and  1977.  Mr.  Larry  Prior,  AFDSDC ,  released  the 
data  tapes  from  Offutt  and  Whiteman  for  this  research  effort. 

Upon  receipt  of  these  tapes,  the  question  arose  about  the  one 
year  gap  in  the  data.  Mr.  Prior's  response  to  this  question 
was,  "These  are  the  only  known  data  files  that  are  from  differ¬ 
ent  time  periods  [15]."  The  same  year  gap  was  also  present  in 
the  data  tapes  from  Scott  and  Blytheville.  Therefore,  the 
information  provided  on  the  data  tapes  for  Offutt  and  Whiteman 
will  be  the  sample  data  used  for  this  research.  The  extent  to 
which  the  findings  of  this  research  can  be  generalized  to  the 
entire  population  may  be  limited  because  of  the  gap  in  the  data 
and  the  fact  that  these  bases  do  not  represent  a  random  sample. 
Although,  the  research  findings  may  be  representative  of  what 
could  be  expected  at  any  of  the  stock  fund  accounts,  since 
these  accounts  are  constrained  and  operated  in  a  similar  fashion. 

The  data  furnished  by  AFDSDC  was  examined  for  all 
requirement  codes  in  the  drug  and  biological  class  (6505)  only. 
The  reason  for  selecting  this  particular  class  is  that  it  is 
the  largest,  single  class  of  inventory  items  and,  partially, 
because  of  the  need  to  narrow  and  limit  the  scope  of  this 
research.  Also,  it  logically  follows  that  if  seasonality  is 
present  in  this  specific  class,  it  is  highly  probable  that  it 
will  be  present  in  all  others. 

Validity 

The  data  recorded  on  the  tapes  being  used  in  this 
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research  come  from  daily  transactions  and  events.  AFM  167-240 
outlines  the  computer  system  utilized  to  accumulate  this  data. 
The  mathematical  model  formulating  the  basis  of  the  system  has 
been  tested  previously  for  statistical  accuracy  and  validity 
(8:34).  Since  the  MMMS  is  the  only  source  of  such  data,  it  is 
the  most  valid  source  available. 

Analysis  of  Data 

The  initial  approach  that  was  taken  to  analyze  the  data 
tapes  was  to  develop  a  FORTRAN  program  which  could  extract  6S05 
class  data  (see  Appendices  B  (  C).  This  program  was  designed 
to  read  through  the  data  for  1975  and  1977,  selecting  only 
those  items  from  the  6505  class  for  further  analysis.  Within 
the  program  it  was  also  necessary  to  limit  the  data  search  to 
those  stock  numbers  with  at  least  twelve  months  of  consumption 
history.  The  reason  for  this  limitation  is  that  in  order  to 
make  viable  comparisons  between  the  years,  complete  consumption 
data  must  be  available.  This  information  is  provided  for  each 
stock  number  as  the  History  Begin  Date  (HBD) .  Only  items  with 
histories  beginning  December  1974  or  earlier  were  considered. 

The  next  critical  step  in  analyzing  the  data  involved 
establishing  some  criteria  that  could  be  used  to  select  those 
items  that  exhibited  seasonal  variation.  After  close  examina¬ 
tion  of  several  computer  printouts  of  demand  history,  it  was 
apparent  that  many  of  the  stock  numbers  in  the  650S  class 
exhibited  demand  fluctuations  that  very  likely  could  be  termed 
seasonal.  Based  on  statistical  estimation  techniques,  the 
maximum  expected  random  variation  in  demand  will  generally  not 
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exceed  three  standard  deviations,  since  three  standard  devia¬ 
tions  include  99.72  percent  of  all  fluctuations  during  any  time 
period  (4:104).  Research  indicates  that  the  standard  deviation 
is  the  proper  measure  of  demand  error  (5:45).  Utilizing  this 
concept,  it  was  discovered  heuristically  that  whenever  the 
magnitude  of  demand  for  any  one  month  was  greater  than  two  stand¬ 
ard  deviations  from  the  mean,  that  particular  stock  number 
exhibited  a  discernable  pattern  of  demand  that  could  possibly  be 
seasonal.  Further  evidence,  supported  statistically,  indicates 
that  almost  two-thirds  of  all  random  fluctuations  should  fall 
within  a  range  of  one  standard  deviation  from  the  mean  and, 
therefore,  the  odds  are  heavily  against  purely  random  variations 
that  consistently  fall  outside  the  range  of  one  standard  devia¬ 
tion  (1:314).  If  the  average  demand  does  vary  from  the  mean 
more  than  one  standard  deviation  for  several  months  running, 
the  odds  are  that  this  is  not  a  random  fluctuation,  but  probably 
the  result  of  some  nonrandom  factor,  possibly  seasonal  in  nature 
(1:315).  With  this  understanding  and  considering  the  result  of 
the  heuristic  evaluation,  one  standard  deviation  was  established 
as  the  basic  criteria  for  seasonal  screening.  Any  stock  number 
with  average  demand  for  several  consecutive  months  exceeding  one 
standard  deviation  from  the  mean  demand  was  considered  a  seasonal 
item  (26). 

Several  consecutive  months  could  range  from  two  months 
upward.  However,  for  the  purpose  of  this  study,  three  months 
was  determined  to  be  the  best  discriminator  of  seasonality. 

By  scanning  several  stock  numbers  that  appeared  to  have  seasonal 


variation,  the  apparent  trend  occurred  most  often  for  three 
months  in  duration.  This  is  supported  logically,  since  many 
diseases  occur  with  greater  frequencies  during  the  different 
natural  seasons  of  the  year,  which  are  typically  three  months 
in  duration.  With  this  final  criterion  established,  the  origi¬ 
nal  FORTRAN  program  was  revised  to  identify  any  stock  numbers 
whose  average  demand  for  three  consecutive  months  exceeded  one 
standard  deviation.  This  selection  criterion  was  formulated 
with  the  realization  that  there  may  be  seasons  of  different 
lengths  that  may  not  have  an  average  fluctuation  exceeding  one 
standard  deviation;  however,  statistically  and  logically,  this 
criterion  should  capture  the  bulk  of  those  items  which  are 
seasonal . 


Fn+1  •  the  forecast  for  the  next  period 
Demand^  -  actual  demand  for  period 

n  •  the  number  of  periods  of  demand  being  considered 


The  simple  moving  average  forecast  (F„4l)  is  calculated  by 
dividing  the  sum  demands  in  the  last  n  periods  by  n.  This  is 


the  simplest  form  of  an  estimate  for  the  mean  value  of  a 
stationary  demand  process  (10:15).  The  overall  effect  of 
using  the  simple  moving  average  is  that  demand  fluctuations 
over  the  n  periods  are  averaged  out  and  the  effects  are  not 
as  noticeable.  This  means  that  any  seasonal  variations  that 
may  exist  are  largely  smoothed  out  using  the  simple  moving  aver¬ 
age  technique.  "A  simple  moving  average  is  not  sufficiently 
accurate  to  reflect  what  we  truly  can  know  about  demand  14:85]." 
The  failings  of  the  moving  average  method  can  be  overcome  by 
using  another  forecast  technique  known  as  exponential  smoothing. 

"The  exponential  smoothing  method  of  forecasting  is  a 
form  of  weighted  averages  and  moving  averages  combined  [8:26]." 
The  disadvantages  of  the  moving  average  method  can  be  minimized 
by  using  exponential  smoothing.  Under  the  moving  average  method, 
equal  weights  are  assigned  to  all  data  inputs  in  the  forecast¬ 
ing  of  future  demand.  However,  the  exponential  smoothing  method 
uses  varied  weights  and  the  data  can  be  weighted  depending  on 
its  importance.  The  following  formula  depicts  the  exponential 
smoothing  process  (16:91): 

Ufl  "  Yt  *  C1  *  »)  Ut 

A  smoothing  constant  (a)  between  0  and  1  is  used  to  add  or  sub¬ 
tract  a  fraction  of  the  difference  between  the  actual  current 
demand  (Yt)  and  the  last  forecast  demand  (Ut).  The  sensitivity 
of  the  exponential  smoothing  forecast  can  be  altered  at  any 
time  by  changing  the  value  of  a.  An  increased  value  of  a  gives 
more  weight  to  recent  data  and,  therefore,  makes  the  forecast 
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more  sensitive.  Conversely,  a  smaller  value  of  a  gives  less 
weight  to  recent  data.  For  the  moving  average  method,  the 
sensitivity  can  only  be  altered  by  changing  n;  however,  the 
forecast  cannot  be  as  significantly  affected  in  the  next  period 
as  it  can  be  with  the  exponential  smoothing  method.  Another 
important  feature  of  exponential  smoothing  is  that  it  only 
requires  one  piece  of  information  to  be  retained  from  period 
to  period.  Also,  past  data  are  eliminated  gradually  rather  than 
suddenly,  as  with  the  moving  average  (10:16). 

The  exponential  smoothing  technique,  as  previously 
described,  is  superior  to  the  moving  average  technique  in  many 
ways.  However,  this  primary  form  of  exponential  smoothing  is 
not  as  efficient  as  desired  when  forecasting  seasonal  variations 
or  taking  into  account  linear  trends  in  the  data  (16:94).  To 
develop  an  equation  that  takes  into  account  seasonal  trends  in 
the  data  and  uses  the  weighted  average  concept,  it  is  possible 
to  refine  the  first  order  exponential  smoothing  forecast  by 
resmoothing  the  initial  forecast  in  a  similar  equation.  By 
doubly  exponentially  weighting  this  forecast,  it  is  possible 
to  predict  future  demands,  trends  within  demand  patterns,  and 
seasonal  variations,  while,  at  the  same  time,  eliminating  the 
influences  of  random  variations  (8:27).  The  double  exponen¬ 
tial  smoothing  model  is  represented  as  follows  (16:94): 

Ut.l  ’  «  UJ.l  *(!•<.) 

where 

Uj.i  •  the  First  Order  Exponential  Forecast 


■  the  Double  Exponential  Forecast 
Ut  ■  the  Previous  Double  Exponential  Forecast 

The  accuracy  of  double  exponential  smoothing  can  also  be  varied 
by  changing  the  smoothing  constant  (a)  to  add  more  or  less 
weight  to  recent  data,  thereby  achieving  the  best  possible 
forecast . 

It  is  apparent  when  using  exponentially  weighted  aver¬ 
ages  for  forecasting  that  if  the  value  of  a  can  be  varied  in 
sympathy  with  the  demand  situation,  better  forecasts  are  likely 
to  result  (25:34).  For  example,  if  the  demand  data  are  fluctu¬ 
ating  rapidly,  a  large  value  of  a  is  necessary  to  achieve  the 
best  forecast.  When  the  demand  is  more  stable,  a  low  value  of 
a  is  more  appropriate.  Considering  these  notions,  Trigg  and 
leach  have  suggested  a  method  of  varying  the  value  of  a  auto¬ 
matically  so  that  it  tracks  demand  fluctuations  (17:52).  This 
automatic  mechanism  is  formally  called  Trigg's  tracking  signal. 
Its  computation  is  as  follows  (17:51): 

Tt  •  V\ 

where 

Tt  •  Trigg's  tracking  signal 

e"t  -  the  Exponentially  Weighted  Average 

Mt  ■  Mean  Absolute  Deviation 

and 

Mt  *  «  I  etl  ♦  (1  "  <0 

•t  *  ®  •  et  4  c1  *  *)  ®t-l 
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Mt_j  ■  Previous  Mean  Absolute  Deviation 
e  j  ■  Previous  Exponentially  Weighted  Average 


where 

Yt  ■  Actual  Demand 

A 

Yt  -  Estimated  Demand 

Since  Trigg's  tracking  signal  automatically  adjusts  to  varying 
demand,  it  can  be  used  to  replace  a  in  the  original  exponential 
smoothing  equation.  By  making  this  substitution,  the  model 
becomes  adaptive  in  nature  and  has  been  named  the  Adaptive 
Response  Rate  Forecast  (10:21).  This  method  of  forecasting  is 
given  by  the  formula  below  (10:22): 

•  I T 1 1 Y t  ♦  (1  -  | T 1 1 )  Ut.1 

where 

Tt  ■  Trigg’s  Tracking  Signal 

Yt  •  Actual  Demand  for  Current  Period 

Ut  ■  Adaptive  Response  Rate  Forecast 

■  Previous  Adaptive  Response  Rate  Forecast 

This  forecasting  method  is  feasible  since  Trigg's 
tracking  signal  can  only  vary  between  0  and  1,  the  same  re¬ 
striction  placed  on  the  smoothing  constant  a.  When  the  data 
are  fluctuating  rapidly,  a  relatively  high  value  of  the  track¬ 
ing  signal  will  be  evaluated  and,  thus,  the  adaptive  response 
rate  forecast  should  be  very  sensitive,  and  when  the  demand 


data  are  stable,  the  resulting  value  of  the  tracking  signal 
should  be  small,  resulting  in  a  very  stable  forecast  (10:22). 

In  consideration  of  the  attributes  of  these  three 
forecasting  models,  one  function  of  this  research  was  to  evalu¬ 
ate  each  technique  in  the  context  of  the  available  forecast 
data.  Each  technique  was  incorporated  into  the  original  FORTRAN 
program  and  relative  comparisons  have  been  made  between  the 
ability  of  each  technique  to  forecast  the  demand  for  1977  using 
1975  data.  These  forecasts  have  been  evaluated  specifically 
for  those  items  that  have  met  the  seasonal  criteria  established 
in  the  previous  section.  The  Mean  Square  Error  (MSE)  was  used 
to  discriminate  between  the  efficiency  of  each  forecasting 
technique.  According  to  Sullivan  and  Claycombe,  the  model  that 
minimizes  the  MSE  is  often  regarded  as  the  best  model  for  future 
forecasting  (16:25).  The  MSE  is  calculated  as  follows  (16:26): 

n  2 
I  (e  * 

MSE  -  — — - - 

where 

e  •  Estimated  Demand 

a  -  Actual  Demand 

n  •  Number  of  months  being  evaluated 

Using  these  three  forecast  techniques  and  choosing  the  best  MSE 

forecast,  comparisons  were  made  for  both  Offutt  and  Whiteman. 
General  trends  in  seasonal  variation  were  evaluated  for  both 
bases  and  the  efficiency  of  each  model  was  tested.  A  secondary 
analysis  was  also  made  to  evaluate  how  well  each  forecasting 
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technique  performed  on  the  demand  data  that  did  not  meet  the 
seasonal  criteria  to  assure  that  no  degradation  occurred  on 
nonseasonal  forecasts. 


Assumptions  and  Limitations 

The  following  assumptions  were  made  in  evaluating  the 
data  for  this  research. 


1.  Future  monthly  demand  patterns  will  be  similar 
from  year  to  year. 

2.  The  distribution  used  in  calculating  the  MSE  of 
demands  was  assumed  to  be  normal  based  on  the 
central  limit  theorem. 

3.  The  tapes  furnished  by  AFDSDC  were  accurate  and 
valid  as  collected. 

4.  Delays  due  to  inordinate  lead  times  will  be  similar 
from  year  to  year  and  will,  therefore,  balance  each 
other. 


The  following  limitations  are  provided  to  indicate  poten 
tial  problem  areas: 

1.  Sporadic  ordering  by  supply  custodians  in  the 
hospital  may  have  caused  some  distortion  in  the  data 

2.  Quarterly  fund  limitations  could  have  distorted  the 
data.  These  limitations  exist  annually  and  effects 
from  year  to  year  should  be  similar. 

3.  Physician  turnover  in  the  hospital  may  have  forced 
a  change  in  demand  rates  for  varied  medical  items 
since  some  drug  usage  is  a  matter  of  physician 
preference. 
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4.  Data  are  from  19?S  and  1977,  respectively,  and  it 
is  unknown  what  happened  in  1976. 

Summary 

In  this  chapter  the  source  of  the  data  has  been  identi- 
fied,  delimited  and  assumed  valid.  Specific  data  analysis 
criteria  were  established  for  screening  seasonality  and  several 
forecasting  techniques  were  presented,  which  were  tested  for 
their  ability  to  forecast  seasonal  trends  as  well  as  normal 
demands.  It  should  be  emphasized  again  that  the  data  sample, 
consisting  of  information  from  two  specific  Air  Force  bases 
over  two  separate  years,  is  the  only  data  of  its  kind  available. 
The  analysis  of  this  unique  data  has  allowed  a  meaningful  study 
of  seasonality  in  the  MMMS  and  the  realization  of  the  objectives 
of  this  research.  Various  assumptions  and  limitations  have  also 
been  presented  to  insure  the  proper  perspective  is  taken  toward 
this  research. 
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Chapter  IV 


ANALYSIS 

Introduction 

The  first  section  of  this  chapter  comments  on  seasonal 
screening  and  the  criteria  used  to  identify  seasonality.  In 
the  following  section,  the  extent  of  seasonality  is  addressed 
using  both  figurative  and  graphic  illustrations.  The  final 
section  analyzes  the  performance  of  those  forecasting  models 
presented  in  Chapter  III,  and  reports  on  the  ability  of  each 
model  to  forecast  seasonal  demand  as  well  as  nonseasonal  demand. 


Criteria  for  Seasonality 

Ammer  states,  "The  simplest  way  to  estimate  seasonal 
fluctuation  is  to  assume  that  the  pattern  that  prevailed  in 
the  past  will  prevail  in  the  future  [1:311]."  Almost  every 
product  or  service  is  subject  to  some  seasonal  variation,  and 
in  most  cases  it  is  fairly  easy  to  identify.  Brown  suggests 
that  the  past  demand  data  be  plotted  and  examined  closely  for 
seasonal  trends  (4:106).  However,  this  is  not  always  economi¬ 
cal,  especially  when  thousands  of  items  are  involved.  One  of 
the  best  ways  to  evaluate  seasonal  variation  without  plotting 
is  to  average  the  monthly  data  over  one  period  and  check  for 
those  months  that  deviate  drastically  from  that  average  (1:312). 
The  unanswered  question  that  follows  is:  How  much  deviation  is 
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drastic?  The  answer  is  not  a  precise  one,  although,  as  pointed 
out  in  Chapter  III,  it  can  be  statistically  and  logically  deter* 
mined.  The  established  seasonality  criteria  for  data  analysis 
states  that,  if  the  average  demand  for  any  three  consecutive 
months  has  a  fluctuation  of  more  than  one  standard  deviation 
from  the  mean  demand,  the  item  is  classified  as  seasonal.  This 
means  that  for  three  consecutive  months,  the  demand  is  drastic 
enough  and  consistent  enough  to  make  it  difficult  to  justify 
as  a  purely  random  fluctuation.  This  criteria  provided  a 
starting  point  for  further  seasonal  analysis,  however,  it  is 
not  the  optimum  for  discovering  seasonality.  The  fact  that 
certain  inventory  items  meet  this  seasonal  criteria  is  not  a 
guarantee  that  they  are,  in  reality,  seasonal  and  will  follow 
a  similar  month- to-month  demand  pattern  year  after  year.  This 
criteria  can  be  tightened  or  loosened  to  achieve  a  spectrum  of 
seasonal  variation,  and  since  this  research  team  could  not 
identify  any  particular  knowledgeable  source  that  could  firmly 
establish  the  bounds  of  seasonal  variation,  this  research 
method  is  just  one  of  many  possible  approaches.  Medical  demand 
patterns  can  display  seasonality  for  varying  lengths,  and  it  is 
impossible  for  one  set  of  criteria  to  encompass  all  possible 
seasonal  variations. 

The  seasonal  criteria  as  described  above  were  translated 
into  the  original  computer  program  for  initial  data  analysis 
(see  Appendices  A,  B  9  C) .  This  program  was  designed  to  scan 
the  data  tapes  for  both  197S  and  1977  and  select  those  items  in 
the  6505  class  for  a  specified  base  (Offutt  or  Whiteman)  that 
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met  the  criteria.  The  process  was  repeated  until  four  tempor¬ 
ary  memory  files  were  created  with  seasonal  items  corresponding 
to  base  and  year  combinations.  These  new  memory  files  were 
scanned  once  again,  selecting  a  random  stock  number  from  each 
file  to  visually  verify  seasonal  fluctuations.  The  items 
selected  by  the  computer  have  been  graphed  to  illustrate  the 
relative  efficiency  of  the  established  seasonal  criteria  to 
identify  seasonal  variation  (see  Figures  3-6).  By  examin¬ 
ing  these  randomly  selected  demand  patterns,  it  is  apparent 
that  the  established  seasonal  criteria  is  performing  as  it 
was  theoretically  hypothesized  and  actually  desired. 


Figure  3.  Example  of  Seasonal  Criteria 

Offutt,  1975  -  NSN  6505001182313 
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Figure  4.  Example  of  Seasonal  Criteria 

Of futt ,1977  -  NSN  6505001048061 

Extent  of  Seasonality 

The  evidence  that  seasonality  exists  in  the  MMMS  is 
pictorially  represented  in  Figures  3  through  6.  The  four 
temporary  memory  files  created  in  the  initial  computer  scan 
correspond  to  Offutt  1975,  Offutt  1977,  Whiteman  1975,  and 
Whiteman  1977.  The  data  that  were  stored  in  these  files 
represent  the  extent  of  seasonality  in  terms  of  one  class,  one 
base,  and  one  year.  Table  III  illustrates  the  composite  extent 
of  seasonality. 
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Figure  5.  Example  of  Seasonal  Criteria 

Whiteman ,  197S  -  N’SN  650S008901S73 


Figure  6.  Example  of  Seasonal  Criteria 

Whiteman,  1977  -  NSN  650S0093S409S 


TABLE  III 


Extent  of  Seasonality 


Base/Year 

Total  • 
of  Records 
Reviewed 

Total  # 
Meeting 
Seasonal 
Criteria 

t  Seasonal 

Offutt  -  1975 

629 

184 

29 

Offutt  -  1977 

475 

165 

34 

Whiteman  -  1975 

463 

122 

26 

Whiteman  -  1977 

319 

116 

35 

The  seasonal  percentages  identified  in  Table  III  show 
that  the  extent  of  seasonality  is  very  similar  for  both  bases 
and  both  years  (2S-3SI  range),  even  though  the  original  number 
of  6S05  inventory  records  were  significantly  different.  There¬ 
fore,  the  next  step  taken  was  to  analyze  seasonality  between 
the  years  (1975  and  1977),  comparing  stock  number  for  stock 
number  to  identify  which  items  matched  in  both  years.  This  is 
an  acceptable  procedure  since  the  seasonal  trend  for  one  year 
is  very  likely  going  to  appear  in  continuing  years  (16:55). 

The  total  matches  are  provided  in  Table  IV.  The  percent 
column  in  Table  IV  reflects  that  percentage  of  the  original 
number  found  seasonal  in  1975  that  remained  seasonal  through 
1977.  That  is,  1975  was  used  as  the  base  year.  The  overall 
matchups  at  first  seem  to  be  lower  than  would  be  expected; 
however,  these  percentages  are  for  only  one  of  several  inven¬ 
tory  classes  and  there  is  a  year  of  missing  data  that  could 
possibly  explain  the  magnitude  of  similarity. 


•  In  I  •  P" 


Offutt 

Year 

Total 

Records 

Scanned 

Total  1 
Seasonal 

Total  # 
Seasonal 
Matches 

Year  to  Year 
Percent 
Seasonal 
(1975  Base  Year) 

1975 

629 

184 

58 

9% 

1977 

475 

165 

Whiteman 

Year 

Total 

Records 

Scanned 

Total  # 
Seasonal 

Total  • 
Seasonal 
Matches 

Year  to  Year 
Percent 
Seasonal 
(1975  Base  Year) 

1975 

463 

122 

3S 

81 

1977 

319 

116 

The  matchups  made  for  each  base  between  1975  and  1977 
were  next  transferred  to  another  computer  subprogram,  where 
they  were  used  to  construct  graphic  illustrations  of  the  demand 
pattern  similarity  from  year  to  year.  Figure  7  depicts  the 
typical  product  from  this  computer  analysis. 

Sample  graphic  illustrations  as  observed  in  Figure  7 
are  available  for  each  stock  number  that  was  identified  as 
seasonal  in  1975  and  remained  seasonal  in  1977  (see  Appendix  D) 
These  graphs  are  particularly  pertinent  since  they  indicate  the 
percentage  of  demand  in  each  month  compared  with  the  total 
demands  for  the  year.  This  allows  both  years'  demands  to  be 
displayed  on  the  same  scale  for  easy  comparison  of  trends.  By 
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close  observation  of  these  graphs,  it  can  be  seen  that  some 
items  follow  a  very  obvious  trend  in  both  years  that  can  be 
equated  as  typical  seasonal  variation.  Other  graphs  have  a 
vertical  gap  between  the  yearly  patterns,  yet  the  peaks  and 
valleys  coincide  exactly.  Then,  there  are  those  that  have  a 
horizontal  as  well  as  a  vertical  variance  between  years. 

Closer  examination  of  these  graphs  often  shows  that  the  peaks 
and  valleys  are  off  by  just  one  time  period,  which  is  a  common 
occurrence  in  reality,  since  seasons  are  not  always  exactly 
the  same  year  after  year.  This  is  a  reflection  of  the  fact 
that  flu  seasons,  for  example,  or  similar  disease  seasons,  vary 
somewhat  from  year  to  year,  depending  on  numerous  variables 
among  which  natural  seasonal  changes  are  the  most  important. 

The  one-for-one  correlations  between  years  of  seasonally 
selected  items  is  not  as  substantial  as  expected  (8-91),  however, 
there  are  some  explanations  for  such  a  variance.  The  obvious 
explanation  was  hinted  at  earlier  and  relates  directly  to  the 
one  year  gap  in  the  data  base.  It  is  impossible  to  ascertain 
the  exact  effect  of  this  data  void,  although  it  is  highly  prob¬ 
able  that  the  effect  is  not  favorable.  The  missing  data  for 
1976  makes  it  difficult  to  evaluate  trends  through  the  197S 
to  1977  time  frame.  The  underlying  reasons  for  the  variations 
observed  in  Appendix  D  could  be  better  explained  if  the  1976 
data  were  available  for  comparison. 

During  the  1975  to  1977  time  frame,  new  items  were  being 
added  to  the  inventory  and  old  ones  were  eliminated  on  a  con¬ 
tinuous  basis.  This  changing  nature  is  centered  around  two 
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basic  occurrences.  The  first  relates  to  new  medical  technology 

which  is  constantly  improving  medical  supplies,  resulting  in 

the  replacement  of  older  stock  with  more  advanced  items.  The 

second  occurrence  deals  with  the  high  changeover  rate  of  Air 

% 

Force  medical  doctors,  which  creates  instability  in  drug  usage. 
As  new  doctors  come  into  the  clinics,  they  bring  their  biases, 
not  only  in  terms  of  drug  prescription,  but  the  use  of  other 
medical  supplies.  This  change  in  usage  causes  the  demand  for 
certain  drugs  to  drop  off  enough  to  make  it  uneconomical  to 
continue  an  item  in  the  inventory  system.  Closely  associated 
with  the  doctor  turnover  rate  is  the  changing  of  specialists, 
who  require  new  and  different  equipment,  drugs,  and  supplies. 
The  ultimate  result  of  these  occurrences  is  a  changeover  of 
demand  from  one  type  of  stock  to  another.  This  characteristic 
change  is  not  as  violent  for  a  one-year  period,  but  there  can 
be  significant  differences  over  a  two-year  time  frame.  The 
researchers  feel  this  can  explain  a  large  portion  of  the  vari¬ 
ance  in  the  extent  of  seasonality  between  1975  and  1977.  The 
gap  in  this  data  represents  a  quantum  leap  in  demand  patterns, 
and  this  would  not  be  expected  in  a  continuous  sequence  of 
events . 

Another  underlying  cause  for  the  lack  of  continued 
seasonality,  which  is  increased  due  to  the  data  gap,  relates 
to  the  procedures  used  in  ordering  stock  and  the  level  in  the 
organization  where  ordering  is  accomplished.  The  demand  data 
used  for  this  study  was  intermediate  in  nature.  The  data  do 
not  reflect  actual  customer  demands  for  a  certain  period,  but 
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rather,  they  represent  clinic  demands  on  the  central  warehouse. 
The  ordering  policies  are  uniformly  outlined  in  the  operations 
manual,  however,  it  is  hard  to  discount  human  intervention  within 
the  system.  For  example,  some  clinic  stock  clerks  feel  it  is 
appropriate  to  order  one  month's  worth  of  supplies  at  a  given 
order  point,  then  at  the  very  next  order  point,  will  often 
double  or  triple  the  order  to  prevent  having  to  order  so  often. 

If  this  convenience  method  of  ordering  goes  unchecked,  it  will 
have  a  substantial  effect  on  the  MMMS  demand  patterns,  reflec¬ 
ting  spurious  inputs  that  could  be  mistaken  for  seasonal  varia¬ 
tion.  Yearly  and  quarterly  fiscal  constraints  can  also  cause 
demand  changes  from  period  to  period,  even  though  there  is  not 
actually  that  level  of  customer  demand  to  support  such  a  change. 
This  spurious  demand  is  depicted  graphically  in  the  data  as  a 
dropping-off  of  demand  in  December,  followed  by  a  rapid  spike 
in  January  when  more  money  is  available.  Similar  results  can 
be  observed  at  other  quarterly  intervals  (see  Appendix  D) . 
Generally,  it  is  expected  that  these  variations  will  average 
out  and  represent  a  relative  picture  of  the  demand,  however, 
this  cannot  be  substantiated  by  the  data  analyzed. 

In  summary,  the  extent  of  seasonality  has  been  deter¬ 
mined  by  analysis  of  available  data,  although  the  results 
appear  to  be  impaired  significantly  by  the  gap  in  the  data. 

Based  on  the  analysis  findings,  it  can  be  inferred  that  about 
9t  of  the  stock  numbers  in  the  6S0S  class  display  some  sort  of 
seasonal  variation  on  a  consistent  basis.  Had  the  data  been 
continuous,  the  researchers  speculate  that  this  percentage  would 
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be  noticeably  greater.  Considering  that  the  resulting  extent 
of  seasonality  is  for  the  6S05  class  only,  this  implies  that 
there  is  a  potential  for  higher  levels  and  that  significant 
savings  in  inventory  stock  can  be  made  if  these  seasonal  varia¬ 
tions  can  be  accounted  for.  The  next  section  will  address 
forecasting  based  on  this  perception. 

Evaluation  of  Forecasting 

Under  the  current  MMMS  operating  structure,  the  Medical 
Supply  Officer  and  his  staff  must  manually  manage  inventory 
items  that  exhibit  unusual  seasonal  trends  and  fluctuation  (21: 
p.8-3).  However,  the  evidence  of  seasonality  within  the  MMMS 
suggests  that  this  must  be  an  extensive  and  time  consuming 
task  to  efficiently  perform.  Suitable  adjustments  can  be  made 
through  the  forecasting  mechanism  to  automatically  account  for 
seasonality  (17:59).  Currently,  the  only  forecasting  mechanism 
in  the  MMMS  model  is  the  simple  moving  average  technique,  using 
an  average  of  the  previous  twelve  months'  demand  as  its  fore¬ 
cast.  This  is  not  the  most  efficient  forecast  mechanism.  The 
simple  moving  average  can  be  adjusted  by  varying  the  number  of 
periods  that  are  averaged.  Although  it  cannot  account  for 
random  fluctuation  and  actual  seasonal  trends  and  variations 
at  the  same  time.  The  forecasting  technique  that  is  more  suit¬ 
able  is  the  exponential  smoothing  method.  The  first  order 
exponential  smoothing  model  outperforms  the  moving  average. 


And,  when  this  initial  smoothed  forecast  is  resmoothed  or  doubly 
exponentially  smoothed,  the  new  forecast  has  a  greater  ability 
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to  forecast  trends  and  seasonal  variations.  Both  forms  of 
exponential  smoothing  can  be  adjusted  for  sensitivity  by 
changing  the  smoothing  constant.  Yet,  there  is  another  fore¬ 
casting  technique,  referred  to  as  the  Adaptive  Response  Rate, 
that  has  all  the  attributes  of  exponential  smoothing,  plus 
the  ability  to  automatically  adjust  to  demand  fluctuations. 

All  three  of  these  forecasting  techniques  have  been  discussed 
and  fully  explained  in  Chapter  III.  The  forecasting  ability 
of  each  (Moving  Average,  Double  Exponential  Smoothing,  and 
Adaptive  Response  Rate)  has  been  tested  and  the  following  para¬ 
graphs  outline  the  results. 

Those  stock  numbers  that  were  screened  as  seasonal  in 
both  197S  and  1977  are  the  basis  for  the  forecasting  evaluations 
conducted.  The  primary  focus  of  this  analysis  was  to  demon¬ 
strate  the  ability  of  each  of  the  above  techniques  to  take  the 
actual  demand  data  from  197S  and  forecast  1977  demand.  The 
formulas  for  these  three  forecasting  techniques  were  studied  in 
detail.  The  moving  average  model  tested  was  the  same  twelve- 
period  model  now  used  for  the  MMMS .  The  double  exponential 
smoothing  model  was  used  because  of  its  ability  to  handle 
seasonality.  A  range  of  smoothing  constants  from  .05  to  .95 
was  evaluated  for  this  model  in  increments  of  .05.  The  adap¬ 
tive  response  rate  technique  was  used  in  a  similar  manner, 
where  a  variation  was  added  to  the  tracking  signal.  It  was 
also  given  a  range  of  smoothing  constants  from  .05  to  .9S. 

The  main  computer  program  with  these  forecasting  subprograms 
was  linked  with  the  matched  seasonal  data  from  both  bases. 
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TABLE  V 


Best  Seasonal  Forecaster 


Base 

Simple 

Moving 

Average 

Double 

Exponential 

Smoothing 

Adaptive 

Response 

Rate 

* 

t 

I 

t 

*  I 

Offutt 

6 

lot 

27 

471 

25  431 

Whiteman 

5 

14 1 

11 

32  % 

19  S4t 

Both 

11 

121 

38 

4 1 « 

44  471 

Note:  For  replication  of  the  results  from  the  Double 

Exponential  Smoothing  and  Adaptive  Response  Rate 
forecasts,  it  is  necessary  to  point  out  that  a 
priming  forecast  value  was- required  in  the  initial 
stage  of  implementation.  This  estimated  value  was 
obtained  by  averaging  the  first  three  months  of 
demand  in  1975  (16:93). 


The  actual  forecast  values  for  each  stock  number  evaluated  are 
available  for  review  in  Appendices  D  and  E.  The  triple  aster- 
isk  (•*•)  was  used  to  identify  the  best  performing  model  based 
on  the  minimum  MSE.  Table  V  depicts  the  cumulative  results  of 
all  forecast  models  to  predict  seasonality. 

By  examination  of  Table  V,  it  is  apparent  that  the 
Adaptive  Response  Rate  model  was  best  471  of  the  time  for  both 
bases.  This  model  outperformed  both  of  the  competing  models 
with  the  Double  Exponential  Smoothing  model  being  a  very  close 
second.  However,  a  more  significant  point  in  this  evaluation 
is  that  when  comparing  Double  Exponential  Smoothing  to  Moving 
Average  alone  or  Adaptive  Response  Rate  to  Moving  Average  alone, 
they  both  are  better  by  a  vast  margin  (841  and  641  respectively). 
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TABLE  VI 


Seasonal  Moving  Average  Comparisons 


Base 

Simple 

Moving  Average 

Double 

Exponential  Smoothing 

f 

4 

f 

4 

Offutt 

8 

141 

50 

864 

Whiteman 

7 

204 

28 

804 

Both 

IS 

164 

78 

844 

Base 

Simple 

Moving  Average 

Adaptive 

Response  Rate 

» 

4 

« 

4 

Offutt 

22 

384 

36 

624 

Whiteman 

12 

344 

23 

664 

Both 

34 

364 

59 

644 

See  Table  VI  for  these  comparisons.  Almost  as  significant  to 
this  research  as  Table  VI  is,  is  the  fact  that  when  the  Moving 
Average  was  the  better  model,  there  was  a  Double  Exponential 
Smoothing  model  as  good  or  very  close  to  being  as  efficient. 
Table  VII  depicts  this  comparison,  showing  a  relatively  small 
difference  in  the  MSE  for  each  case. 

When  using  the  Double  Exponential  Smoothing  model  to 
forecast  seasonal  variation,  a  relatively  larger  smoothing  con¬ 
stant  is  generally  necessary  to  produce  the  best  forecast. 

Brown  has  indicated  that  the  value  of  <*  used  in  forming  an 
exponentially  weighted  forecast  should  not  usually  exceed  .3 
and  if  it  appears  that  a  higher  value  of  a  is  required,  the 
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TABLE  VII 


Double  Exponential  and  Moving  Average 


Comparison 


Offutt  NSNs 

Moving 

Average 

MSE 

Double 
Exponent ial 
MSE 

Difference 

%• 

Difference 

6505002261203 

80.00 

80.75 

.75 

.91 

6505002998279 

389.67 

420.17 

O 

tn 

o 

81 

6505008901633 

63.75 

67.42 

3.67 

71 

6505008902172 

77.08 

77.58 

.50 

.61 

6505009269202 

46. 7S 

50.78 

3.83 

8% 

6505008718307 

2.08 

2.08 

-0- 

-0- 

Whiteman  NSNs 

6505008901573 

8.50 

8.92 

.42 

SI 

6505008901657 

1062.75 

1229.33 

166.58 

151 

6S05009984381 

100.00 

101.67 

1.67 

21 

6505007643366 

.50 

.50 

-0- 

-0- 

65059040119 

.  58 

.58 

-0- 

-0- 

* 

Moving  Average  MSE  was  used  as  the  base 

assumption  of  seasonality  is  likely  to  be  more  valid  (4:101). 
Figure  8  illustrates  the  number  of  times  a  given  smoothing  con¬ 
stant  was  required  to  produce  the  best  double  exponential  model. 
The  higher  occurrence  (541)  of  the  larger  alphas  (a>.3)  suggests 
that  demand  predominately  had  periods  of  fluctuations  that  were 
most  likely  seasonal.  Figure  8  also  depicts  that  a  large  per¬ 
centage  of  smaller  alphas  were  used  in  forecasting  seasonal 
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Alpha 


.95 
.90 
.  8S 
.80 


.75 


.70 

.65 

.60 

.55 

.50 


.45 


.40 
.35 
.30 
.  25 
.20 
.15 
.10 
.05 


Offutt 


*  * 

*  ft 

*  * 


* 

* 

*  • 

*  • 

*  *  *  * 

*  »  « 

*  •  * 

*  *  * 

*  * 

*  *  ft 


rrTTTTTTT 


.95  ■ 

.90  ■ 

.85  ■ 

.80  - 
.75  - 
.70  - 
.65  - 
.60  - 
.55  - 
.50  - 
.45  - 
.40  - 
.35  - 
.30  - 
.25  - 
.20  - 
.15  • 

.10  - 

.05  - 

1  2  3  4  5  6  7  8 


Whiteman 

*  * 

*  * 

* 

* 

*  *  * 

*  * 

ft  * 

*  •  *  * 

«  • 

* 

* 


Frequency 


Figure  8.  Seasonal  Frequency  of  Smoothing 
Constant  Occurrence  (Double 
Exponential  Smoothing) 


demand.  A  closer  examination  of  these  seasonal  matchups  indi¬ 
cates  a  noteworthy  occurrence  of  demand  patterns  that  had  a 
maximum  demand  level  not  exceeding  four  or  five  units.  These 
items  were  flagged  as  seasonal  and  most  likely  are,  however, 
their  demand  patterns  and  levels  are  such  that  it  is  just  as 
efficient  to  use  a  smaller  alpha  as  a  larger  one.  The  demand 
variation  may  exceed  one  standard  deviation,  but  this  was 
typically  by  a  fraction  of  a  unit.  Several  of  these  smaller 
alpha  models  were  tested  using  higher  alphas.  The  resulting 
MSE's  were  not  significantly  changed  ( 5 - 10% )  and  the  model 
still  outperformed  the  moving  average. 

The  Adaptive  Response  Rate  model  used  the  same  range 
of  alpha  values  as  observed  in  Figure  8.  However,  these  alpha 
values  will  not  reflect  the  same  pattern  of  use  as  the  Double 
Exponential  Smoothing  alphas  did.  They  are  different  because 
the  varied  alpha  range  was  used  to  formulate  the  tracking 
signal  and  was  not  directly  used  in  the  Adaptive  Response  Rate 
forecast.  Therefore,  these  alpha  values  will  not  be  plotted, 
since  they  may  not  be  meaningful.  However,  the  best  adaptive 
alphas  are  presented  for  each  forecast  in  Appendix  D. 

The  Adaptive  Response  Rate  model  did  not  perform  as 
well  as  anticipated.  It  was  the  best  predictor  of  seasonality, 
yet  the  Double  Exponential  Smoothing  model  was  almost  as  good. 
Based  upon  the  literature  reviewed,  the  researchers  felt  the 
Adaptive  Response  Rate  model  would  be  the  best  of  the  three 
techniques  used,  however,  the  Double  Exponential  Smoothing 
model  proved  to  be  superior  overall.  Why  the  adaptive  model 
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did  not  perform  well  is  difficult  to  explain.  When  the  adap¬ 
tive  model  was  compared  directly  with  the  moving  average,  it 
was  better  64t  of  the  time,  but  Double  Exponential  Smoothing 
was  better  841  of  the  time.  Further  comparisons,  similar  to 
those  presented  in  Table  VII,  indicate  that  the  Adaptive 
Response  Rate  model  is  substantially  worse  than  the  Moving 
Average  model  when  the  Moving  Average  is  better. 

It  appears  from  reviewing  Appendix  D  that  the  adaptive 
method  worked  best  when  very  sudden  and  extensive  changes 
occurred  in  the  demand.  This  model  reacted  quicker  than  the 
other  competing  models  to  these  sudden  changes,  however,  by 
doing  so  it  may  have  responded  to  random  fluctuations  in 
demand,  resulting  in  less  accurate  forecasts.  Also,  when  the 
demand  fluctuation  dropped,  the  Adaptive  Response  Rate  was  slow 
to  return.  The  most  probable  cause  for  this  inefficient  per¬ 
formance  is  that  the  data  are  limited  in  their  extent  and,  for 
the  most  part,  the  items  evaluated  are  not  carried  in  sufficiently 
large  quantities  for  the  adaptive  method  to  adjust  correctly. 
Research  of  the  Adaptive  Response  Rate  literature  also  supports 
this  contention.  Data  were  evaluated  for  periods  of  five  to 
ten  years  and  heavy  demand  levels  were  observed  (17:58). 

Although  this  model  has  its  limitations,  it  remains  a  more 
efficient  model  than  the  moving  average. 

The  results  of  the  forecasting  analysis  clearly  shows 
that  for  seasonal  demand  patterns  the  moving  average  is  inade¬ 
quate.  Double  Exponential  Smoothing  and  Adaptive  Response 
Rate  models  are  the  most  promising  techniques.  Figure  9  shows 
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Figure  9.  Seasonal  Forecasting 
Offutt,  1977  -  NSN  6505002998598 

a  typical  seasonal  item,  drawn  from  Appendix  D,  and  illustrates 
how  each  model  predicts  the  demand. 

Figure  9  clearly  demonstrates  that  seasonal  variations 
can  be  accounted  for  by  using  the  proper  forecasting  technique. 
However,  to  foster  a  change  in  the  MMMS  structure,  it  is  impor¬ 
tant  that  the  selected  forecasting  model  not  only  have  an 
ability  to  accurately  forecast  seasonality,  but  at  the  same 
time  be  able  to  forecast  nonseasonal  items  with  sufficient 
accuracy.  In  order  to  evaluate  this  requirement,  the  FORTRAN 
computer  program  was  modified  to  select  only  those  6505  class 
items  that  did  not  meet  the  established  seasonal  criteria. 

Once  these  stock  numbers  were  identified  for  each  base  for  the 
two  years,  a  one-for-one  stock  number  comparison  was  made. 

After  the  matches  were  made  and  placed  in  memory,  a  random 
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generator  picked  a  number  from  one  through  ten,  and  every  fifth 
thereafter  was  identified.  These  randomly  selected  nonseasonal 
items  were  next  read  into  each  of  the  forecasting  subprograms 
to  determine  once  again  which  model  was  best.  The  MSE  was 
again  used  as  the  discriminator.  The  results  of  this  analysis 
are  highlighted  in  Table  VIII.  A  total  of  56  items  were 
selected  from  both  bases.  Appendices  F  and  G  contain  a  print¬ 
out  for  each  nonseasonal  item  evaluated. 


TABLE  VIII 

Best  Nonseasonal  Forecaster 


Base 

Simple 

Moving 

Average 

Double 

Exponential 

Smoothing 

Adaptive 

Response 

Rate 

f 

1 

« 

1 

# 

1 

Offutt 

2 

61 

24 

731 

7 

211 

Whiteman 

4 

17% 

15 

661 

4 

171 

Both 

6 

111 

39 

701** 

11 

191 

Best  model 


The  Double  Exponential  Smoothing  model  was  again  superior  to 
both  competing  models.  The  Adaptive  Response  Rate  was  the 
second  best.  Figure  10  illustrates  the  typical  demand  pattern 
of  a  nonseasonal  item  and  how  each  of  the  forecasting  methods 
responded.  Continuing  analysis  of  these  random  nonseasonal 
items  illustrates  the  fact  that  Double  Exponential  Smoothing 
is  best  891  of  the  time  when  compared  directly  with  the 


Moving  Average.  Moving  Average  was  second  best  (see  Table  IX). 
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Figure  10.  Nonseasonal  Forecasting 
Offutt,  1977  -  NSN  6SOS007218899 


TABLE  IX 


Nonseasonal  Moving  Average  Comparisons 


Base 

Simple 

Moving  Average 

Double 

Exponential  Smoothing 

« 

t 

• 

t 

Offutt 

■ 

6t 

31 

94t 

Whiteman 

171 

19 

83t 

Both 

lit 

50 

891 

Base 

Simple 

Moving  Average 

Adaptive 

Response  Rate 

■D 

t 

f 

t 

Offutt 

20 

601 

13 

401 

Whiteman 

15 

651 

8 

351 

Both 

35 

631 

21 

371 

Once  again,  when  the  moving  average  was  best,  there  was 


a  double  exponential  model  that  came  very  close  to  the  same 
predictive  ability.  Table  X  shows  these  relative  differences. 


TABLE  X 

Double  Exponential  and  Moving  Average 
Nonseasonal  Comparisons 


Offutt  NSNs 

Simple 

Moving 

Average 

MSE 

Double 

Exponential 

Smoothing 

MSE 

Difference 

Difference 

6505000797453 

9.17 

9.67 

.50 

6t 

6505000765589 

2.25 

2.25 

-0- 

-0- 

Whiteman  NSNs 

6505001405150 

3.08 

3.08 

-0* 

-0- 

650S001601500 

1.33 

1.33 

•0* 

-0- 

6505002998617 

.33 

.33 

-0- 

-0- 

6505005843470 

49.  S8 

54.25 

4.67 

9% 

*  Simple  Moving  Average 

MSE  was  used  as 

the  base 

The  best  alpha  smoothing  constants  for  the  double  expo* 
nential  smoothing  model  are  referenced  in  Figure  11.  Analysis 
of  these  constants  indicates  that  the  smaller  alphas  were  used 
661  of  the  time.  This  result  is  what  was  expected  since  the 
demand  patterns  for  nonseasonal  items  should  be  fairly  constant 
over  the  year.  In  addition,  the  reverse  criteria  used  for 


seasonal  selection  was  used  to  randomly  select  these  nonseasonal 

53 


items.  It  is  apparent  that  the  criteria  works  in  reverse  as 
well  as  directly. 


Offutt  Whiteman 


1  Z  3  4  S  6  7  8  9  10  11  1234S67 

Frequency 


Figure  11.  Nonseasonal  Frequency  of 
Smoothing  Constant  Occurrence 
(Double  Exponential  Smoothing) 


Although  the  Adaptive  Response  Rate  was  the  second 
best  predictor  for  nonseasonal  demand,  it  was  actually  the 
weaker  model  when  compared  directly  with  the  moving  average. 
Moving  Average  forecasts  were  better  631  of  the  time  for  both 
bases  combined.  This  result  is  not  surprising,  since  the 
Adaptive  Response  Rate  is  not  designed  to  predict  nonseasonal 
demand  as  efficiently  as  other  models.  If  a  spurious  fluctua¬ 
tion  is  detected  by  the  adaptive  model,  it  rapidly  adjusts  to 
that  demand  level  and  this  ultimately  results  in  a  higher  MSE, 
which  is  undesirable.  Considering  these  factors,  the  tabular 
comparisons  of  the  Adaptive  Response  Rate  with  the  Moving 
Average  will  not  be  presented. 

One  of  the  key  assumptions  that  was  made  in  analyzing 
these  forecasting  results  is  that  demand  patterns  that  were 
initially  observed  would  continue  into  the  future.  This 
assumption  would  be  easier  to  support  if  more  than  two  years 
of  consecutive  data  were  available.  The  one  year  gap  in  the 
data  used  may  have  detracted  somewhat  from  the  forecasting 
efficiency.  Despite  this  gap,  the  forecasting  techniques  used 
actually  appeared  to  do  an  adequate  job  of  forecasting  1977 
using  1975  data.  This  lends  credibility  to  the  key  assumption 
made.  The  researchers  feel  that  a  better  forecast  would  be 
possible  if  197S  data  were  used  to  predict  1976  demand  and  then 
using  the  continuous  data  for  the  1977  forecasts.  Nonetheless, 
the  researchers  are  confident  that  the  evaluations  made  on  the 
three  forecasting  techniques  are  indicative  of  their  relative 
ability  to  predict  demand. 


Summa ry 


In  this  chapter  the  research  data  has  been  examined  in 
support  of  the  research  objectives.  As  was  mentioned  earlier, 
the  basic  assumption  for  determining  future  seasonal  trends 
and  variations  is  based  on  the  concept  that  trends  which 
occurred  in  the  past  will  occur  again.  Although  the  overall 
analysis  was  limited  by  having  only  two  years  of  data  from 
nonconsecutive  years,  seasonal  trends  were  apparent  from  the 
data. 

It  was  interesting  to  find  that  the  most  advanced 
forecasting  technique,  Adaptive  Response  Rate,  did  not  prove 
to  be  superior  to  the  other  methods.  Although  the  logic 
behind  the  Adaptive  Response  Rate  leads  one  to  believe  it  is 
the  best,  the  Double  Exponential  Smoothing  method  was  the 
better  forecaster  across  the  boad.  The  automatic  screening  of 
smoothing  constants  is  a  feature  that  was  made  possible  by  the 
computer  and  ultimately  improved  the  ability  of  the  Double 
Exponential  Smoothing  model  to  forecast  varying  demand  patterns. 

The  analysis  in  this  chapter  supports  the  fact  that  a 
Simple  Moving  Average  is  not  adequate  to  handle  the  demand 
variation  observed  in  the  MMMS .  Both  of  the  competing  fore¬ 
cast  methods  accentuated  this  lack  of  efficiency.  By  incor¬ 
porating  advanced  computer  techniques  with  a  more  refined 
forecasting  method,  the  need  to  manually  account  for  seasonal 
trends  and  variations  within  the  MMMS  could  be  eliminated. 
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Chapter  V 


SUMMARY,  CONCLUSIONS,  AND 
RECOMMENDATIONS 


Summary 

The  purpose  of  this  research  effort  was  to  examine  the 
demands  for  medical  supplies  within  the  Medical  Materiel  Manage* 
ment  System  to  determine  if  seasonality  exists,  the  degree  to 
which  it  exists,  and  to  offer  suggestions  for  a  better  method 
of  adjusting  for  it.  This  study  was  conducted  at  the  sugges¬ 
tion  of  the  USAF  Surgeon  General's  Staff  and  the  Air  Force 
Data  System  Design  Center,  Medical  Division.  Previous  studies 
of  the  medical  inventory  management  and  control  procedures 
have  not  addressed  seasonality  specifically.  The  study  was 
initiated  with  the  idea  that  a  more  efficient  management  con¬ 
trol  system  could  be  developed. 

The  initial  step  taken  to  resolve  the  seasonality  issue 
required  an  indepth  investigation  into  the  medical  inventory 
management  and  control  system,  inventory  management  concepts 
and  theory,  and  forecasting  techniques  in  general.  The  MMMS , 
as  it  currently  operates,  was  described  in  context  with  long 
accepted  inventory  practices,  and  the  research  methods  that 
would  be  used  to  analyze  data  for  seasonality  were  explained. 

The  only  data  available  for  such  a  study  was  provided 
by  the  Air  Force  Data  System  Design  Center,  and  consisted  of 
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the  master  record  tapes  from  Offutt  and  Whiteman  AFBs  for  the 
calendar  years  1975  and  1977.  The  data  were  assumed  to  be 
valid  since  they  were  actual  demands  recorded  from  daily  base 
transactions.  A  utility  FORTRAN  program  was  developed  to  read 
the  tapes,  extract  the  necessary  data,  make  comparisons,  fore¬ 
cast  future  demand,  and  plot  desired  seasonal  information. 

This  computer  program  and  its  primary  output  products  are 
available  in  Appendices  C  through  G.  Appendices  A  through  B 
provide  a  list  of  variables  and  the  computer  logic  used  in  the 
programming  process. 

Analysis  of  these  results  indicates  that  a  significant 
amount  of  seasonality  is  present  within  the  medical  materiel 
inventories  evaluated.  Further  evaluation  of  forecasting 
methodologies  has  demonstrated  that  Double  Exponential  Smoothing 
forecasts  are  superior  to  the  current  Moving  Average  forecasts 
84t  of  the  time  when  forecasting  seasonal  items  and  891  of  the 
time  when  forecasting  nonseasonal  items.  These  percentages 
followed  the  same  pattern  for  each  base  analyzed.  The  similarity 
that  exists  between  these  nonrandom  Air  Force  bases  provide  an 
indication  that  it  would  be  useful  to  investigate  the  application 
of  the  results  to  the  overall  population. 

Conclusions 

The  analysis  of  results  obtained  from  this  study  indi¬ 
cate  other  areas  that  may  be  advantageous  to  MMMS  and  that 
could  very  likely  reduce  operating  costs. 

1.  A  change  of  algorithm  for  forecasting  demands  from 


the  Moving  Average  to  Double  Exponential  Smoothing  will  provide 
superior  demand  estimates  and  should  ultimately  reduce  cost 
since  Double  Exponential  Smoothing  provides  better  results  most 
of  the  time.  When  Double  Exponential  Smoothing  does  not  pro¬ 
vide  better  results,  they  are  no  worse  than  Moving  Average. 

2.  To  provide  for  a  thorough  study  of  seasonality,  at 
least  three  years  of  demand  data  should  be  retained  for  future 
research. 

Recommendations  for  Future  Study 

During  the  pursuit  of  this  research  analysis,  there 
were  areas  identified  that  could  benefit  from  future  study: 

1.  A  more  comprehensive  examination  should  be  con¬ 
ducted  to  identify  savings  associated  with  using  Double  Expo¬ 
nential  Smoothing  in  the  MMMS. 

2.  Because  of  the  inherent  problem  with  using  non- 
consecutive  data,  replication  of  this  seasonality  study  using 
consecutive  data  may  provide  a  more  precise  picture  of  the 
total  effects  of  seasonality. 

3.  A  separate  study  should  be  undertaken  to  identify 
the  effects  of  doctor  changeover  and  their  preferences  for  new 
or  substitute  medical  supplies. 

4.  A  closer  examination  should  be  made  of  the  effects 
of  fiscal  constraints  on  this  process. 

5.  The  effect  that  inconsistent  ordering  practices 
have  on  the  demand  histories  should  be  studied. 
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tNHtuHtHMtmtMiKHmtittMtiitimtimimtmiititHM 

LIST  OF  VARIABLES 

imiHtmNimHtHIIMIIMtHtHIUlHHtHmmHtlttHtlttt 

A  ALPHA  REAS  INC  CF  ALL  12  .MONTHS  KRA.13  HISTORT 

FOR  BOTH  TEARS  CATA 

AATO  NATO  DESIGNATOR  UlTMlS  STICK  NUMBER  IN  ALPHA  FORM 

ABO  HISTORT  BEGIN  SATE  Ik  ALPK.*.  FCRH 

ACL  STOCK  CONTROL  LEVEL  Ik  ALPHA  PORT 

AFSC  FE5ERAL  STOCK  CLASS  IN  ALPHA  FORK 

AKCL9  HOLTINC  VARIABLE  TO  RETAIN  LOIEST  VALLE  OF  R$E 
FOR  DOUBLE  EXPONENTIAL  SMOOTHING  FORECAST 

AX  IN  NATIONAL  IDENTIFICATION  INDEX  f.TBER  IN  ALPHA  FORK 

ALFA3P  OPTICAL  ALPHA  FOR  ADAPTIVE  RESPONSE  FORECAST 


ALPHA  SHOO  THING  COEFFICIENT  USED  I*  EIFCSE’.TIAL  SMOOTHING 
AND  ADAPTIVE  RESPONSE  FORECAST  INC  FORTH.  AS 

ALPHOP  OPT  INAL  ALPHA  FOR  OOUtLE  EIPONESTIAL  SMOOTHING 

AN  VARIABLE  USED  TO  FIND  RAX  PERCENTAGE  CF  I NTS 

demand  to  print  on  graph 

AND  HAD  (HEIN  ABSOLUTE  DEVIATION)  FOR  AIAPT1VE  RESPONSE 
RATE  FORECASTING  FORMULA 

AN  USED  TO  FIND  HAI  PERCENTAGE  CF  1977  DEMAND  TO 

PRINT  ON  CP.APH 

AO  MAXIMUM  VALUE  FOR  197!  AND  1977  FOR  GRAPH  SCALE 

AVC  NEAR  ANNUAL  OEHAIQ  USED  IN  DETERMINING  STANDARS 

OEVIATIOR  FOR  CRITERIA  FORMULA 

AVCO  AVERAGE  DEMAND  FOR  FIRST  TWEE  MONTHS  OF  1975. 

USED  FOR  PRINING  IN  DOUBLE  EXPONENTIAL  STOCKING 
AND  ADAPTIVE  RESPONSE  FORECASTING  FORMULAS 

AZ  PLOTTING  CHARACTER  FOR  SPACE.  X.  0.  OR  * 

I  USED  TO  CALCULATE  INDIVIDUAL  MEANS  FOR  3  MONTH 

PERIODS  FOR  CRITERIA  FORMULA 

DA TO  1977  VALUE  FOR  NATO.  USED  IH  COMPARISON  *0 

197!  DATA 
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EES’  USED  TO  OETERRINE  KST  FORECAST  IMS  NETNOC 

KTA  1-ALFHA  IR  DC’JSLE  EXPONENTIAL  SMOOTHING 

ADO  ADAPTIVE  RESPONSE  FORECAST  IRC  FORMULAS 

SHOLJ  HOLD  IRC  VARIAILE  TO  H0L2  LOUEST  VAL'JE  CF  RSE 

FOR  ADAPTIVE  RESPORSE  FORECASTING 

II IR  1973  VALUE  FOR  RATC  USED  IS  COMPARISON  TO  ‘.977  DATA 

C  USES  TO  FINO  VARIANCE  FOR  COMPUTATION  OF  STS  CEV 

CC  PERCE” T ACC  VALUES  FOR  GRAPH 

D  OENANO  PER  NORTH  FOR  1973.  USED  TO  FIND  PERCENT ACE 

OF  ANNUAL  DEN AND  FOR  GRAPH 

DO  PERCENTAGE  VALUES  FOR  GRAPH 

D!  OCUDLE  EXPOREATIALLT  SNCOTHED  FORECAST  ESTIRATE 

E  DENARS  PER  NORTH  FOR  1977.  USED  TO  FIND  PERCENTAGE 

OF  ANNUAL  GERARD  FOR  GRAPH 

ERAV  USES  IR  FINDING  NSE  IK  NOVIKG  AVERAGE  rmU 

ERRAR  NEAR  S SOARED  ERROR  FOR  ADAPTIVE  RESPONSE 

ERROX  NEAR  SQUARED  ERROR  FOR  DOUSLE  EXPCXCiTIAL 

ERRRA  NEAR  SQUARED  ERROR  FOR  MOVING  AVERAGE 

ERROR  ACCUMULATES  ERROR  FOR  OCUGLE  EXPGJCNT'.AL 

ERRRR  ACCUMULATES  NSE  VALUES  FOR  ADAPTIVE  RESPORSE 

EUA  EXFORERTIALLT  WEIGHTED  AVERAGE  FOR  ADAPTIVE 

RESPORSE 

EX  SINCLE  EIPORERTIAUT  SNOOTHED  FORECAST  ESTIRATE 

FOR  OOURi  EXPONENTIAL 

I  00  LOOP  INDEX 

IAR  FORECAST  FOR  ADAPTIVE  RESPONSE 

IARSAV  FORECAST  VALUES  FOR  1977  ADAPTIVE  RESPONSE 
FORECAST  SAVED  FOR  PRINTING 

IDtASE  3ASE  DESIGNATOR  IN  INTEGER  FORN 

IFCI  INDICATES  DEVICE  CODE  4 

!FCI  FILE  CODE  FOR  TAPES 
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IFC3  CMC  FIR  INTERRELATE  FILE  FOR  SEASONAL  ITERS 

IFERCS  RESOLUTE  VALUE  OF  FORECAST  ERROR  IN  ADAPTIVE 
RESPONSE  RATE  FORECAST  FORMULA 
FORECASTING 

IFERRR  ACTUAL  VALUE  Of  FORECAST  ERROR  IN  ADAPTIVE 
RESPONSE  RATE  FORECAST  FORMULA 
FORECASTING 

Ir SC  INTEGER  TORN  FOR  FEDERAL  STOCK  CLASS 

[SAVE  RETAINED  VALLE  FCR  THE  REST  DOUtLE  EIPONENTIAL 
SROC THING  NSC 

ISCL  UTECER  FORM  FOR  STOCK  CONTROL  LEVEL 

ISKALE  SCALE  USED  FOR  GRAPH.  MOO  OR  Ml  PERCENT 

II  INTEGER  FOR  TIC  OOUILE  EIPONENTIAL  SMOOThINC  FORECAST 

0  DO  LOOP  INDEX 

JA  BASE  ID  FROM  75  FILE 

JO  FEDERAL  STOCK  CLASS  FROM  75  FILE 

Ji  STOCK  CONTROL  LEVEL  FROM  7!  FILE 

JF  HISTOBT  SEC  IN  DATE  FOR  75  FILE 

K  CO  LOOP  INDEX 

KA  EASE  ID  FRCN  77  FILE 

W  FEDERAL  STOCK  CLASS  FROM  77  FILE 

K£  STOCK  CONTROL  LEVa  FROM  77  FILE 

KF  HISTCIT  SEC  IN  DATE  FROM  77  FILE 

L  USED  TO  CALCULATE  MOVING  AVERACE  UPPER  LIMIT 

LABEL  CONVERTS  IDMSE  TO  OFFUTT  ON  UHITEMAN 

LAIEL1  PRINTS  FLAG  FOR  IEST  MOVING  AVERAGE  RSE 

LABEL*  PRINTS  FLAG  FOR  BEST  DOUBLE  EXPONENTIAL  RSE 

LA8EL3  PRINTS  FLAG  FOR  BEST  ADAPTIVE  RESPONSE  RSE 


1  ACTUAL  WMTK.T  DEMAND  HISTC8T  FC#  75 

MA  USES  IN  CALCULATING  ROVING  AVERAGE 

RAV  MOVING  AVERAGE  FORECAST  VALUE 

IKTCHS  COUNTS  NURKR  Of  HATCHES  FCF.  ICTH  TEARS 

X  ACTUAL  RCNTHLT  DEMAND  HISIGRT  FOR  77 

NCR  COUNTER  FOR  NUTSER  Of  RECORDS  THAT  MEET  SEASONAL 

CRITERIA  IN  4513  CLASS  FRCM  EACH  BASE  WITH 
HISTOR!  BEGIN  DATE  OF  7112  *  EARLIER 

NSR  COUNTER  FOR  NUMBER  Of  RECORDS  THAT  ARE  SEASONAL 
FROM  EACH  BASE 

NTR  COUNTER  FOR  TOTAL  RECORDS  FOR  EACH  BASE 

STD  STANDARD  DEVIATION  USED  IN  CRITERIA 

TOT  TOTAL  DEMANDS  FOR  TEAR  USED  IN  CALCULATING  STD 

TOT1A  TOTAL  UTS  DEMAND  PER  STXK  NUMBER >  USED  TO  FINS 

PERCENTAGE  Of  DEMAND  PER  MONTH  FOR  GRAPH 

TCT2A  TOTAL  IT77  DEMAND  PER  STOCK  NUMBER.  USED  TO  FIND 
PERCENTAGE  OF  DEMAND  PER  MONTH  FOR  GRAPH 

TRCK  TRACKING  SIGNAL  FOR  ADAPTIVE  RESPONSE  c0RECAST 

VALUE  INCREMENT  FOR  SMOODO  FORECAST  IN  DOUBLE  EIPONENTIAL 
SMOOTH. INC.  VARIES  ALPHA  VALUE 

VAR  VARIANCE  OF  ACTUAL  DEMAND  USED  TC  CALCULATE  STD 


APPENDIX  B 
FORTRAN  FLOWCHART 


APPENDIX  C 
FORTRAN  PROGRAM 
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IHMIS.RUL)  i'S.U 
If Iff*: !OCtT: ttS&.AF 1T/LSC  CIL  SKL  «EL 
IKH.-OPTIONsFORTRAA.NORAP 
t»:M:FCRTT:tfCRR,KJlO.KLSTlK.lREF 
INK 
U3K 
IMC 

ipk 

IfSfC 
!»MC 
I  UK 

t::«c 
line 
luie 

im»  dirension  Rmi:f:,«aj(2»i,BU2j.C!::i.Ksi:ii.im2).S!::).EtJ2i 
U5i  dirersion  pa!i:).nav(i:),Ei«vi::).A'jHfci:»),2rfti2»i.L-RARi::) 
lit!  DIICS10S  Elt24)  >81(24)  lERROfitlll  rENRDllll)  tH12fil2) 

1171  Dimension  «R9:24) >£UAC2«) tIABI2f >2«)  .lARSAV(lf.IZ)  .IC2) 

MS#  CHARACTER  ArsC*4,AAT0»2.AIIW7.ACl*6iA8I*4iA*»(24l iLAI£L!»3 
!1M  CHARACTER  LA8EL«8.RATO»2.EI:n«7.A2U(12> .LAt£L2*3.LASEL2«3 

i2iic  iritialize  rear  t  *m  file/kvici  cooes  iifci  •  t.  which  is  the 

122K  LIRE  PRINTER!  IFC1  >  lit  WHICH  IS  THE  TAPE  CONTAIN!!!;  1973  DATA! 

123IC  1FC2  •  12.  WHICH  IS  THE  FIRST  SCRATCH-FILE  TO  STCRE  1973  DATA  THAT 

I2AK  HEETS  THE  FOlLOWINC  CRITERIA:  EASE  »  OFPJTTi  STOW -CLASS  »  45J5 

12*fC  SATO  DESIGNATION  <  Hi  HISTORT  SECIN  CATE  LESS  THAN  74*.2) 

::?•  :fci»:s 

129#  IFC2-I2 
IKK 

nil :  continue 
S32K 

IC3K  READ  SATA  TAPE  AND  WRITE  THOSE  RECORIS  HEETINC  THE  AFOVE  CRITERIA 
!2»fC  TO  A  SCRATCH-FILE  FOR  FURTHER  PRCCESSINC  LATER 

:kk 

1241  REA0(IFCIi2iEND*4l IDIASEiAFSCiAATOtAIINiACLiAIOi (AC!) il>li!2) 

I37f  2  F0MtATII(i21.AI.A2.A7.!83I>A4.34«I>A4>7l!.l2A4) 

I3M  IF (! DBASE. NE.IUlf ICO  TO  I 
I2UC 

U#K  COURT  THE  WRIER  OF  OAT  A  RECORDS  F»  EACH  SASE  FOR  I8TH  TEARS 
MIX 

M2»  NTR(IFCl)«NTR(!FClMt 

M3I  IF(AFSC.NE.*4Sir.0R.ART0.N£.-M-.0«.AM.CT.-7«l2-!C0  TO  I 
144K 

MSK  COUNT  MQ  Of  ORTA  RECORDS  IFROH  SFCCIFIC  IASE)  ICT IK  CRITERIR 
IUK 

M7|  NCR(IFC1)«NC*(IFCIM1 

MM  WltTE(lFC2i3>!KASEtAFSCiART0iASIIiACL>RBSilA(I)il*lil2) 

MM  3  F0RRAT(I3ilIiA4»UiA2*IItATtlIiA4illiA4il2AI) 

13MC 

IS  IK  RETURN  *0  M  CONTINUE’  TO  REAI  TVC  NEXT  RECORD 
IS2K 

1331  CO  TO  1 


A  FORTRAN  PROCRAH  DESIGNED  TO  PERFORR 

AN  EVALUATION  Of  SEASOttLlTT  IN  THE  UNITES  STATES 
AIR  FCRCE  R3ICAL  RATER  I  EL  NANACEHEKT  CTSTER 
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134IC 

1I3IC  .HEN  THE  ENS-CF-FILE  FM  T*  SATA  TAPE  IS  EMCOUNTiRES.  KUIM  THE 

I3tfC  NEHLT  CREATED  SCRATCH-FILE  TO  AU.0U  IT  TO  IE  REAC  AT  A  LATER  POINT 

U7IC 

1381  4  RE. INC  IFCZ 
139K 

U««C  KTERMNE  IF  SOTH  TAPES  (1973/1977)  HAVE  EEEN  SCREIKE3  (SEE  EELW! 

MtK  AM.  IF  SO.  TRANSFER  TO  *3  CONTINUE’  TO  PROCEED  KITH  THE  MALTS!* 

UCIC 

u:»  ifcfc:.eb.i3.ano.ifc:.eo.U!CO  to  s 
U4IC 

U3DC  AFTER  THE  FIRST  SATA  TAPE  (19731  HAS  SEEN  SCREETIC.  REPLACE  READ  S 

U&ffC  WRITE  FILE/OEVICE  COSES  (TO  REAC  FROfl  1977  TAPE  MS  UNITE  TO  A  « 

U7IC  SCRATCH-FILE)  AM  RETURN  TO  ’1  CONTINUE’  TO  PROCESS  SECOM  TAPE 

ItSIC 

U9f  IFC1M3 
1711  IFCM4 
1718  CO  TO  l 
17CJC 

1731  3  CONTINUE 
I74fC 

I73NC  AT  THIS  POINT.  THE  DATA  TAPES  FOR  DOTH  TEARS  HAVE  BEEN  SCREENED! 
174IC  THE  REAR  t  URITE  FILE/DEVICE  COOES  IFC!  t  IFC2  ARE  RETURNED  TO  THE 

I77K  INITIAL  STATES  (IMICATIK  THAT  1973  DATA  KILL  SE  PROCESSES  FIRST) 

178JC  AM  A  NEK  SCRATCH-FILE  (XFC3)  IS  INITIALIZE  (TO  RETAIN  THE  DATA 
1 79 1C  THAT  HAS  ST  THE  CRITERIA  OF  SCASCNALITT  AS  ESTABLISH  SELOU) 
iMjr 

IStl  SFCt*ll 
1223  IFCZCZ 
1031  IFC3« 13 
IKK 

183C  4  CONTINUE 

rntc 

1871  READ  (IFCZ. 7.EM*l3)  IDIASEi  IFSC.AA  TO.  AIIR.ISa.IHIO.  INC).  I  >1.12) 

188S  7  F0NMTC3.I3.A3.A8.I7.I3.tZIt) 

I  me 

19MC  FOR  EACH  ITER  IN  T)C  FILE.  TOTAL  THE  ANNUAL  OEMM  FOR  TIC  ITER 
191IC 

1921  DO  8  I'l.IZ 

1931  8  TOT«TOT*fLOAT(NC)) 

19  4IC 

193CC  BIVIDC  TOTAL  ANNUAL  DEHANO  IT  TVELVE  TO  FIM  !CAN  ANNUAL  OEMM 
194IC 

1971  AVC*T0T/12.I 
1981  TCT»#.i 
199IC 

ZfM C  IF  THE  REM  OEMM  FOR  THE  ITEH  IS  ZERO.  EXCLME  THIS  RECORI 

ZflfC 

ZIZI  IFIAVC.LE.I.IICO  TO  i 
ZWIC 

ZI4IC  BETERRINE  THE  HEAR  OEMM  FOR  EACH  POSSIHE  THREE-CONSECUTIVE - 
ZI3T  NORTH  PERIOD  THROUCHOUT  THE  TEAR  (JAN-fO-MR!  FQ-NM-KPRI  lUI 

ZKIC 

Zf7f  CO  9  1*1.11 
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:iM  9  lt;)«FLCATtN(I)MI(l»l)«Ntl»:i)/3.l 
2191  l(ll)«FLaAT(N<ll)HIU2)*NlI))/3.l 
21M  ItUMFLOATtMtil+RtD+NtC)  1/3.1 

iuk 

:i:ic  TO  FIM  THE  STANDARD-DEVIATION  OF  THE  DATA.  FIN  (AMO  SWAP.EI  THE 
213IC  IROIVICUAL  NOHTHLT  DEVIATIONS  FIOH  THE  (CAN  (PREVIOUSLT  COtVJTESI . 

214IC  SUH  THESE  SQUARED  DEVIATIONS.  AND  DIVIDE  BT  MM*.  OR  ELEVEN,  TO 

215K  DETERM  RE  THE  VARIANCE!  THEN  TAKE  THE  SQUARE-ROOT  OF  THE  VARIANCE 

2  UK  TO  ARRIVE  AT  THE  STANDARD-DEVIATION  OF  SERAM  FOR  EACH  ITER 

217IC 

2181  DO  ti  I»t»l2 

2191  CtII*tFlOAT(NII))-AVCM*2 

::M  II  VAR«VAR*CC) 

::il  VAR»VAR/U.I 
2221  ST8>SQRT(VARI 
2231  VAR»|.| 

224K 

223IC  DEVELOP  A  CONFIDENCE- INTERVAL  AROUND  THE  REAR  IT  AODINC  THE  VALUE 

224IC  OF  ONE  STAkOARS-DEVlATION  UNIT  TO  THE  MEAN  IUP*SS  LIRIT)  AM  ALSO 

227K  SUBTRACTING  OKE  STANDARD-DEVIATION  URIT  TO  THE  REAR  (LOWER  LIRIT) 

22EIC 

2291  Tl«AVC*(l.ll»STD) 

23N  T2«AVC-t:.l#«STD) 

23  IK 

232K  CETERMNE  WHETHER  ANT  OF  ’HE  AiOVE  CALCULATED  THREE-RONTH  AVERACE 

2C3fC  VALUES  LIE  OUTSIDE  THE  CCKFIDENC E  REGION!  IF  NOT.  RETURN  TO  TIC 

234K  STATEMENT  *4  CONTINUE'  AID  REAS  THE  NEXT  RECORD!  IF  SO.  GO  TO  THE 

::<K  STATERENT  *t2  CONTINUE'  WHERE  THIS  RECORD  HILL  EE  COUNTED  AND  THEN 

23WC  WRITTEN  ONTO  THE  SCRATCH-FILE  (IFC31  FOR  FURTHER  AKALTSIS 
23TK 

2331  CO  11  :»1.12 

23«l  IF tSt I). CT.Tl.OR.lt!) .LT.T21C0  TO  12 
24Q#  II  CONTINUE 
2111  CO  TO  4 
I429C 

2429  12  CONTINUE 
244K 

24!f  NSRtlFClXNSRtlFCDM 

24 tl  K:TEllFC3.7)IDIASE.IFSC.AAT0.AIIN.!SCL.!HID.(N(l).lt|.!2) 

247K 

24SK  RETURN  TO  '4  CONTINUE'  TO  READ  THE  NETT  RECORD 
249K 

am  n  to  4 

231K 

2!2K  WHEN  THE  END-OF-Flli  FOR  THE  INITIRL  SCRATCH-FILE  IS  ERCOUKTIRED. 
n2?C  REWIND  TIC  XEHLT  CREATED  SCRATCH-FILE  (IFC3)  CONTAIRIXC  SEASONAL 

2!4K  RECORDS  TO  ALLOW  THIS  FILE  TO  IE  READ  LATER  IR  THE  KOGRAR 

2SSK 

2341  13  REWIND  IFC3 
2J7K 

238K  WRITE  OUT  THE  TOTALS  (FOR  EACH  TEAR)  THAT  NAVE  IEE1  ACCUMULATED 

259K 

24M  IF(IFCl.£0.ll)WRITS(IFCI>l4)NTR(iI).IDIASE.NCR(lll.ltSRtlll 
2411  lF(IFCl.ES.13)UR!TE(!FCIil3)ITR(t3l.tDIASEiKR(13)(RSR(13l 
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242#  l<  FORMATdl. ‘THERE  U£REM7.“  TOTAL  RECORDS  FOR  BASEM5. 

umm  in  iits.  of  unsch-is.*  here  :?»  fsc  ssis.-./mi.u. 

244ft-  C r  THESE  RECORDS  HERE  FOUND  TO  BE  SCASOKAL.***/////) 

1451  13  FORMAT(ll»*THERE  UEFEM7.-  TOTAL  RECORDS  FOR  IASEM3. 

244ft"  IK  1177,  OF  WHICH*. I5i"  HERE  IS  FSC  4313.*.//. II. 14. 

247ft*  Cf  THESE  RECORDS  HERE  FOUND  TO  BE  SEASONAL.".//////) 
li&K 

WK  DETERMINE  IF  BOTH  INITIAL  SCRATCH-FILES  HAVE  BEEN  EXAMINE!  AGAINST 
27HC  THE  CRITERIA  CF  SEASONAL  ITT!  IF  SO.  TRANSFER  CONTROL  TO  STATEMENT 

V\K  '16  CONTINUE*  TO  FRCCEED  HITH  FURTHER  AKALTSIS 

Z7IK 

273#  IP ( IFC1.EQ. 13.AN9. IFCZ.EQ. 14) CO  TO  16 
774#C 

273K  AFTER  THE  FIRST  INITIAL  SCRATCH-FILE  HAS  BEEN  EXAMINED  FCR  THOSE 

276K  RECORDS  OETEfiNINEO  TO  IE  SEASONAL.  REPLACE  FILE/DEVICE  CODE  AND 

277IC  RETURN  TO  *4  CONTINUE’  TO  EXAMINE  THE  1977  DATA  SCRATCH-FILE 
27SK 

279#  IFCl = 13 
28H  IFCMA 
2SII  IFC3*14 
2S2K 

283K  RETURN  TO  *4  CONTINUE'  TO  REAS  THE  NEXT  RECORD 

C84K 

2S3I  CO  TO  4 
236K 

287#  14  CONTINUE 
ZtMC 

289#C  AT  THIS  POINT.  THE  DATA  FOR  BOTH  TEARS  HAS  SEEM  E1ARINED  AND  THOSE 

21I#C  SEASONAL  ITERS  FCR  1173  ARE  RESISINS  ON  SCRATCH-FILE  FIFTEEN  (13) 

2HK  t  THE  tin  SEASONAL  ITLRS  ARE  ON  SCRATCH-FILE  SIXTEEN  U4U  THE 

212ft  TASK  NOH  IS  TO  LOCK  FOR  THOSE  STOCK  RUBERS  WHICH  OCCUR  FOR  BOTH 

:10IC  TEARS  (it  FIND  THOSE  RSN'S  THAT  HERE  SEASONAL  IN  1973  t  1977) 

I94IC 

CIS#  REAI(l3t7.EN0>99)JA.JB.AAT0.AIIN.JE.JF.(N(I).I«1.12) 

£94#  CO  TO  IS 
Z1T#  17  CONTINUE 

CIS#  REA0U4i7.EN0>99)KA.KS.IAT0.l!lN.KE.KF.(N(J).J>MZ) 

299#  IS  CONTINUE 
CM#  IFlBin.lT.AIMtCO  TO  t7 
0(1*  IFIIIIN.CT.AIIRICO  TO  14 
3(2#c 

3#3#C  ONLT  THOSE  STOCK -NUMBERED  ITEMS  WHICH  UERE  SEASONAL  FOR  BOTH  TEARS 

:#«#C  FALL  THROUCH  THE  ABOVE  TWO  'IF'  STATES* TS  AND  ARE  NOH  COUNTED  AND 

3#3#C  PROCEED  ON  CROUCH  THE  PROCRAN  ACTE  VARIOUS  FORECASTIRC  METHODS 

3#4K  WILL  IE  EMPLOYED  t  EIAMINEO  FOR  THEIR  ABILITY  TO  RESPOND  TO  THE 

3*7K  SEASONAL  VARIATIONS  PRESENT  WITHIN  THE  DATA 
Mur 

Offwv 

319#  HATCHS 'HATCHS* I 
31MC 

31 IK  THE  FIRST  FORECASTIRC  METHOD  EIAMINEC  IS  THE  TWELVE -MONTH  MOVING- 

3I2K  AVERAGE— THE  CURREJIT  METHOD  OIPLOTED  WITHIN  THE  U.S.  AIR  FORCE’S 

313K  MEDICAL  MATERIEL  MANAGEMENT  STSTEM  (I9KW  THIS  METHOD  IAS  I  CALL! 
3I«K  PREDICTS  KIT  MONTH’S  DEMAND  AS  THE  AVER  ACE  (KAN)  OF  TK  TWELVE 
3I3K  PKCEEDINC  MONTHS  DEMAND  FOR  TK  ITER 
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3  UK 

31TK  THE  SCIT  THREE  'DO-LOOPS’  ACCUMULATE  TIC  HISTORICAL  DERAKO  FOR  THE 

31MC  ITER  OVER  THE  PREVIOUS  TWELVE -TOOTHS  COHSUTOTION  hlSTORT  ADVANCING 

3I4K  ONE  TONTH  EACH  I  ACRE  RENT  FOR  EACH  FORECAST  PERIOD  AM  DROPPING  THE 

::mc  oldest  ; thirteenth  knth  iehindi  data  eleroit  siwltaneousltj 

32IK  CLOSE  ATTENTIOR  IS  CALLED  TO  THE  'DO-LCCP*  IND1CIES  TO  ACCORPLISH 

322K  THIS  TuavE-RORTH  FOREWARN- ROVING  FORECASTING  TECHNIQUE 

*‘W 

3241  £RRf!A»l.l 

k  u  1*1.12 

3CSI  ERAVtl)*!.! 

3271  CO  IP  J* I  •  12 
3281  IT  RAlI)>RA(I)HSU1 

::w  ifu.ei.uc9  to  2: 

33M  L*1I- 1 12-1) 

3311  DO  21  K<I.L 

::a  21  nA(n*«»a!*tuiu 

3331  21  RAV(1)>(FLCAT(NA(I))/;:.I)«I.S 

3341  RA  ( 1 1 >1 

333K 

334K  THE  ACTUAL  RONTHLT  DERAND  !F0R  EACH  NORTH  OF  1477)  IS  TOW  CORPARED 
337K  WITH  THE  FORECASTED  VALUE  FOR  THAT  NORTH.  THE  DIFFERENCE  BETWEEN 

333K  THE  TW  SQUARED.  ACCWJLATED.  AM  DIVIDED  IT  TWELVE  TO  ARRIVE  AT 

334K  THE  ’  NEAR  -  SQUARED-  ERROR '  OR  ’RSE'  FOR  THE  TEAR!  THIS  IKE  GIVES 

34MC  AN  INDICATION  OF  'GOOONESS-OF-FIT'  OF  THE  FORECASTED  VALUE  TO 

34IK  THE  ACTUAL  BEPAW  ENCOUNTERED  FOR  EACH  RESPECTIVE  TOHTH 
342K 

3431  22  ENAV(I)*EHAVl!)«(FLOATtHAV(I)-ff(!))M2) 

3441  DO  23  1*1.12 

2451  23  ER8KA>EMHA«EJIAVtI) 

3441  ERttA*ERRNA/t2.l 
3471  VALUE*!.! 

341!  I SAVE*! 

24MC 

35 HC  THE  NUT  TVO  FORECASTING  TECHIIQUES  USE  A  STOOTHINC-CONSTANT  KNOW 

35IK  AS  ALPHA  TO  WEIGHT  THE  VARIOUS  FACTORS  IN  THEIR  COMPUTATIONAL  EONS 
3S2K  THEREFORE.  WE  CEJCRATE.  AT  THIS  POINT.  NINETEEN  VALUES  OF  ALPHA  i 
353K  BETA  (1 -ALPHA!  FROM  ALPHA  •  1.15  TO  ALPHA  <  1.45  IS  1.95  INTERVALS 
354K 

2551  DO  24  1*1.  IV 
354!  VALLE *VALUE*I. IS 
3571  ALPHA ( I ) > VALLE 
358!  24  DCTA(IW.I-AIPHAC) 

3541  AVC3*  (FLOAT  (NC)*NC)*NI3)  1/3.11 

34M  AHCLO''.H#KIM!.l 

341K 

342K  THE  DOUDLE-EXPONENTIAL-STOOTHINC  NETKOt  WILL  K  £1  AH  I  NED  NUT! 
343K  THE  CONFUTATIONS  FOR  THIS  (METHOD  ARE  'CSTED'  WITHIN  AN  OUTER  '00- 
344K  LOOP’  WHICH  ALLOWS  THE  ENTIRE  COUILE-EIPONENTIAL-STOOTHINC  NETHOD 
345K  TO  K  REPEATED  NINETED  TINES- -ONCE  FOR  EACH  VALUE  OF  ALPHA  THAT 
344K  WAS  PREVIOUSL!  GENERATED 
347K 

34M  DO  24  1*1.14 

344!  ENRONC)*!.! 
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3788C 

3718C  THE  TEXT  OF  THIS  BEPC8T  EXPOUNDS  UPON  THE  PROCEDURE  EW.CTB  ST 
IKK  THE  OCL'SLE-EtPONERTlAl-SROOTHJNC  RETHOO— SUFFICE  IT  TO  SAT  HERE 
3738C  THAT  THE  VALUE  'El*  IS  THE  SINGLE-EIPONENTIALLT-SrOaTHEO  VALUE 

3748C  THAT  IS  PLACED  IN  THE  'OX'  EOUATION  UHE8E  IT  IS  SROCTHED  AGAIN! 

3758C  THE  VALUE  'IX'  IS  NOTNIMC  ROPE  THAN  AH  '1NTECER-F0RHAT7Q’  COPT  OF 

37683  THE  VALUE  '01'  THAT  IS  ACT  RETAINED  UNTIL  THE  PROCRAH  HAS  ttVANCED 

377IC  ITSELF  THROUGH  TIC  1975  DATA  AID  IS  FORECASTING  1977  SATA.  AND  IS 

37EK  SL'SSCRIPTES  TO  RETAIN  THESE  VALUES  FOR  AU  VALUES  3F  ALPHA  USED 

3798C 

3CI8  SO  25  J*1.21 

3811  IF(J.ES.l}Ei:J)>(ALPHA(;)*FLCAT(RlU«;;nMSETA(l:»AVC3) 

:s:i  lFU.E8.nDZU)*tALPHAtI)4EIUI>'ICETAllMAVC3) 

:s:f  IFU.E3.nCO  TO  25 

3$*#  IFU.LE.liIE:(JI*<AimtJ)»FlOAT(RU*l))J*(IETA(l)«£XtJ-»» 

335#  :FU.:T.IflEIUI«(ALfKA(l)«FLOAT(NU-lim*:JETA(lUEIU-m 
3S48  SZU)>IALPHA(!I<E!UII«(SETA(I)(SIU-U) 

3871  IF(J.CT.9)IUI,J-9I«DI(JI*8.5 

3M»  IFU.CT.9)ERR0Rll)*ERR0RlUMFLCAT(lI(I»J-9)-NU-9>)*»2) 

3898  25  CONTINUE 

39M  ERRDKI)>ERRCR{l)/t2.f 

3911  IFlERRCim.LT.AHOLDlISAVE’I 

393D  IFlERRDIU).LT.AHOLO)AHOlD*ERR5n) 

3931  24  CONTINUE 

3941  ALPH0P>f.l5*FL0ATtlSAVE) 

395#  K$4VE*8 

3948 

3978C 

39t.*C  AS  OUTLINED  IN  THE  TEXT.  TIC  ADAPTIVE-RESPONSE  "ETHOD  IS  A  FOR*  CF 

3998C  EXPONENTIAL  SRCCTHINC.  THE  PRINCIPAL  DIFFERENCE  2EINC  THAT  TK 

4H8C  'ALPHA*  TERN  IS  USED  NONTH.T  TO  WEIGHT  TVO  ’ERROR ’  TERRS.  WHICH 

«#t#C  ARE  USED.  IN  TORI.  TO  CORPUTE  A  TRACKING-COEFFICIENT  WHICH  IS  THEN 

<#ac  USED  TO  HEIGHT  THE  FORECASTING  ECUATION.  AS  OPPOSES  TO  DOING  THIS 
4»3#C  WEIGHTING  9IRECTU  KITH  A  FIXED  ALPHA.'  THIS  KETMCS.  ACAIN.  IS 
484IC  'NESTED*  WITHIN  AN  OUTER  'DO-LOOP'  TO  EXAP1IE  THE  RETHOD  FOR  EACH 

4I5K  AVAILARJE  VALUE  OF  ALPHA!  'IAR'  IN  THIS  HETWO  CORRESPONDS  TO  THE 

4848C  VALUE  'IX'  USED  IN  THE  DWRU-EIPOSITIAL'SHOOTHINC  HETHOt 

4|7|C 

•881  DO  IN  KM. 19 
INI  TRCKtl.5 
41N  ERRRRiM 
4111  ER*AR!X)»M 
4I2S  SARtX.l)>AVC3 
4t3f  DO  27  1*1.24 

4148  IF(I.LT.13)IFERM>N(I)-IARIKiU 
4158  lF(I.E3.n!FSSSR»tFL0AT(Rlin»R.!M.R 
4148  IF(I.CE.13)IFERRR*Ntl-12)-IARIXil) 

4178  IFESORiIAISdFERMI 

4IM  IFII.LT.I3)!ASIN.Iill*(TRCK*fLCAT!!lUl))MM-TRCX)»FLCAT(IAR(K.III) 

4198  IFII.GE.13) IARIN»I»I)»(TRCN*FLOAT!RII'l2))!*l!I-TRCKI*n.OAT(IAR(K.Ul) 
42N  !Ft!.E6.1)EUA(I)>IALPNAIR)*FlOAT(lFERRRU 
4218  IF( I. Ea.nAR8<n»(ALPHA(K)*aOATUFERQRl I 
4221  IFtI.E3.nC0  TO  27 

4238  ARD(I)*!ALPNA(K)»R0AT(IFEMRI)*l8ETAIK)»AI#(I*n) 
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42) 1  IF(I.C7.:2):«RS«V(K.I-t2l>IMU.:) 

4241  IFII.CT.12] CUM<[NM*  (FLOAT 1 IARSAV1K.  l-lil-ill*  IS »  «2l 
4271  27  TRCK>a»(EMIU/MO]m 
42tl  £AAAAlK)«KR»/12.l 
4299  lF:EARAR(K).LT.BHOltlK$AK*l( 

43*#  !Fl£!«M(K>.LMHOlOllHOL9*C(!tMIK) 

431#  IN  witiw 

4:21  ALF  AOF  *  # .  f)  *float  ( KSAVE ) 

4::ic 

42IK  AT  THIS  PltRT.  AU  THREE  METHODS  OF  FOSECASTIRC  HAVE  SEER  EXAHItft 

43) »C  MC  THE  19  ASSOCIATED  F0SICA)T»C  L»t*  TEATS  :NSE)  HILL  HOH  BE 

434#C  lORTARED  TO  FID  THE  Rlllrjfl  ERROR— AMICH  CORRESTOCS  TO  THE  ROST 

4::k  accurate  tethoo  of  forecast:*  fcf.  that  particular  cata 

43NC 

4  211  BESTMHIRllERRRA.ERRSIIIiAVEI  .ERRAR1 KSAVE)) 

44IK 

44X#C  THE  RETAINER  OF  THE  FtOiAA.I  IS  DEDICATES  TO  FDRMATTl*.  ntXKTIMC. 

442K  AW  TIOTTIH:  THE  KSATS  FOR  IRCLUSIOI  UXTNIH  TC  APPER91C1ES  OF 

443#C  THE  F!WL  RETORT?  THE  PlOTTt*  TOITIOH  OF  THE  OUTPUT  IS  PROVIDES 

444K  TC  AU3H  THE  READER  TO  EIARIHE  THE  CEMW  PATTER*  3F  TIC  ^ 

44!K  DATA  FOR  BOTH  TEARS  (117)  i  1977) 

444 1C 

4471  IF (JA.EB.I44W) LABEL1*  CFFUTT  * 

4481  lF(JA.E0.f4423>lAB£L>~JM!TEMa- 
4491  :F(J£ST.E8.ESRHAJLAIEl;**4«* 

4511  IFltEST.K.ERSMILAia:*'  • 

4)11  IFiKjT.EC.ERKJICSAVE)  ILABEl2»"**»" 

4)2»  lF(Krr.tt.UWlUSAVE))UlEU>*  • 

4)31  IF (BEST .E6.ERRAR (RSAVE) (LABELS •**••* 

4)4|  IF(BEST.RE.ERRAR(KSAVE))LABEL3>*  * 

4))f  WITE  14.28) 

4)4#  21  F0RMT(aIa. ///////// 1 
4)71  HRITEHFC8.21) 

4)M  21  FORHAT121X.* . 

4)1W . -I 

44W  iailTElIFCI.3rLABEL.JB.AAT8.AIIR 

4411  3«  FORHAT (371. "BASE:  a.A8.I8I.aRflRTHlT  DEMRD  HIST»Ta.4l,aRSR»  a. 
42K13.A2.A7) 

4431  WITEIIF2I.31) 

444#  31  F0RMTI24I. ’TEAT. 7I.-JAT. 31. *FU*. 31. ,TAR-.3X.,ATR".3X.,,«T-. 
44SW3I . '  JUT .  3X .  *  JUL*  .31 .  *  AUC* .  31 .  W ,  31 .  "OCT" .  3X .  "ROV .  31 .  *an 
4441  WITE(1FCI.32)(R(I).!<1.12) 

47#  32  FORMAT (241. aI173a. 41. 1214) 

44W  HRITE1IFC#. 33) (R(I). 1*1.12) 

4H  33  FORMS  (24X  .“1177*  .41 .1214) 

47N  MITEIIFCf.381 
471#  HRITE ( IFCC.34)LABEL1 

4721  34  F0RHAT(22I.A3.1I*aRSEa.28l."R8VlK-AVERACE  FORECAST  FOR  1177") 

4731  HR!TEIIFCf.33)£RRM.(RAVIIM*l.l2) 

474#  3)  FORMAT (211 .FI, 2.41. J2I4.//I 
473#  HRITE (IFC#. 34 1LAIEL2.ALFH0T 

474#  34  FORHAT (221. A3. 11. "USE* .II.'OOUSLE-EIPORERTIAL-SROOTHIRC  (OPTIMAL  ALT 
477WHA  *a,F4.2.a>  FORECAST  FOR  HTT”) 
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4731  KITE  I  IFCf  .331EJK8I  USAtt  I . < II  <  IMVE. ! ) ,  I  •  I .  12) 

4741  «lT£!!FCJ.J7lUK:3.«lfMr 

4$N  37  FORMAT ai.C.tl.-RS£M«.*W*Prl.I-»ESf OBSt  (0PT1ML  ALMA  »*. 
4318IFA.2.’>  FOKCAST  FC«  1477* I 
4871  «ITt(!FC<.33)tlAM(KSAVE).(!AI<AVIKSAVC.!M>M2l 
4831  MRITE I IFCf. 381 

4848  31  F0RlIAT(2ll. •»•»»•«••*♦♦•••»••»*♦»•••••**♦♦•»••♦•»«»♦•*••*•*♦««••♦♦♦♦ 
4S3ft**MMI»MMt»mM«M»MMt»»»*) 

4841  80  31  1*1.12 
4171  T0T!A>T0TIA*KU1 
4881  31  T0T2A«T0T2A*I(I) 

4878  DO  48  1*1.12 

4188  !(!)» 188.8* (FLOAT (AC!) I /T0TIA1 
4418  48  E(D*IM.8*(FL0AT(I(1M/TCT2A! 

4128  TGTlA*8.8 
4138  T0T2A*8.8 

4148  AIMHAltStl) <80 *0(3) .814) .80 .0(4) .817) .DID .OH) .Cl  18) .61)1) .DIO) 

4138  AR«MI (Ein.EO .E(3I.E(4)tE!3ltEU!.E(7) .Ell) .til) .C(18>. till). EI12M 

4448  AGXUIIAH.AD 

4178  lFiA0.CT.48)I$XAl£<l 

4138  IF (A0.LE.48) 13XALE<8 

4118  JFll$XAL£.Efl.l)Ct*l83.8 

3888  IF( ISXILE.Efi.il 88*188. 8 

3818  IF(!SXALE.E8.8)CC>42.8 

3828  IF(ISXALI.E3.8)DC>48.8 

3828  4(  CORTUVE 

58*8  80  42  1*1.12 

3838  IF  18UI .CE.CC.SKQ.EO .IE.CC. AX8.0lU.LT. 18. MO.ElU .LT.DCIAItn»“  * 
3848  IF(0II).CE.88.A«8.E(n.CE.88.AI8.8in. LT.CC. AN8.EII).l:.CC)A2(II>**' 
3878  IF (8 ( D.CE. 80. AM.E(!).CE.08.AH.II[). IT .CC.AKI.Ein.LT.CC) SO  TO  42 
3888  IF(8in.CE.36.A!(8.D(n.LT.CC)A2(n»*I* 

3818  IF(E(D.SE.B8.AR8.E!D.LT.CC)A2(D**Q* 

SIN  42  CCRTirJE 
3118  100*88 
3128  W1TEIIFC8.43IIOC 
3138  43  F0RMTI21M3) 

SIN  3RITECFC8. 44) lAZ(I). 1*1.12) 

3138  44  F0BMT(lH*.2fI.12A7) 

3148  IFlISXALE.EC.nCC*CC-5.8 
3178  IFlICXALE.Efi. 1)80*88*3. 8 
3138  IF(!SXALE.E8.8)CC*CC*2.8 
3118  IF(lSKALE.E0.8)08*08-2.8 
32N  80  43  1*1.12 
5218  43  A2(I)«*  * 

523  IF (CC.tT .*.!)«  TO  41 
3238  NITEIIFC8.38) 

32N  AITEIIFC8.44) 

3238  W  F0RNT(UI.*3Ar.4I.Ta*.4!.I3M*.4l.*IIPlta.4I.*WT*.4I.’JUr. 

3248MI.*JUL*t4X."AUC".4I.’S£P*.4I.*0CT*.4I.TWV*.4l.*BEC*l 

3278  HR1TEIIFC8.47) 

52M  47  F0fMAT(21t>*<  !  *  1173  )*.3I.*PEKEIT  OF  TOTAL  AMUAL  8EMMQ  IT  OORT 
5218WS*.51.*<  0  *  1177  )*) 

33N  CO  TO  14 
3318  11  COT!  WE 
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KM  PtliTi "HATCHES  FOR  SOTH  TENS  «  ".MTCHS 

KM  STOP 

SMI  EDO 

53MUEIECJTE 

S37H:L!II!TS:Mi4:KmI|K 

::8H:7AP£:lt.lU,, 77249, .SEAIW-INPJT 

Sj9||:F;l£:12*I2BiIH. 

S<MI:TAPC::3.!3Bm74U(>>::A1973'1XFVT 

S«lM:F!l£:lM4B>lft. 

!42l*:FiLI:13«IS5>llt 

S43l4:r:iI:U.U8>lH 

!44H:£KJ)I 


APPENDIX  D 

COMPUTER  PRODUCTS,  SEASONAL  (OFFUTT) 


DOUBLE-EXPONENT  |  A L • S MOO T HI NC  <OPT|NAL  it  PM*  >  «.3B>  FORECAST  FOR  197 


JAN  FEB  NAN  ARB  HAY  JUN  JUL  AUfi  SER  OCT  NOV  DEC 
<  X  •  1979  >  PERCENT  OF  TOTAL  ANNUAL  OENAND  BY  NORTHS  <  0  •  1977  > 


340  AON  130  03S  Oil*  1flP  NOP  A  VN  NOV  M  V  H  034  NT 

I  NON  AOOISIN  0NVM3Q  A  INI  NON  UflJJO  IJS* 


JAN  f CO  NAN  Aft  NAY  JUN  JUl  A UP  SEN  OCT  NOV 
<  «  •  1*7*  >  PERCENT  OP  TOTAL  ANNUAL  DENANO  RY  NORTHS  <  0  •  1*77 


RASEl  OrrUTT  MONTHLY  DEMAND  HISTORY  NSNt  A5I5A A 1  A 4 A • At 
YEAR  JAN  r FB  MAR  APR  HAY  JUN  JUl  AUG  SEP  OCT  NOV  DEC 
1*75  •  12  •  A  •  17  IB  31  •  «  I  I 
1*77  I  I  I  I  A  11  74  36  A  *  t  A 
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JAN  FED  NAR  APR  NAY  JIIN  JUL  AUG  SEP  OCT  NOV  RFC 
<  X  ■  1*75  >  PERCENT  Of  TOTAL  ANNUAL  REMAND  BY  MONTHS  <  0  •  1*77  > 


HSE  NOVINQ-IVERAOE  ro»ECA$T  r OR  1977 

77.58  II  11  11  It  12  1?  11  11  11 


JIN  FEB  NIB  APR  NAT  JIIN  Jill  AUG  SEP  OCT  NOV  DEC 
<  X  •  1975  >  PERCENT  Of  TOTAL  ANNUAL  BEHIND  BV  NORTHS  <  0  a  1977  > 
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